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STRANGLING ORNAMENTALINCIDENCE OF PARASITIC HIGHER PLANTS AND FIGS ON 

TREES IN PENANG, MALAYSIA. 

W.C. LIM, School of Biological Sciences, Universiti Sains Malaysia, Penang, 

Malaysia.
 

Twenty seven per cent of the 1295 trees representing 45 species
Abstract. 


campus were found to be infested mainly
at the Universiti Sains Malaysia 

Dans. ), L.
with Loranthus ferrugineus Jack (Scurrula ferruginea (Jack) 

Miq. and the stranglingpentandrus Linn. (Dendrophthoe pentandra (Linn.) 

Ficus retusa Linn. The most susceptible trees were Adenanthera
fig, 

Ceiba pentandra, Enterolobium saman, Grewia
pavonina, Artocarpus sp., 

tomentosa, Lagerstroemia flos-regenae, Pongamia pinnata and Pterocarpus
 

species, Casaurinaequisetifolia, Jacarandafilicifolia
indicus. Three 

under local conditions toresistantand Pluneriaobtusa were probably 
by the parasitic higher plants and the strangling figs. The

infestation and possible
effects of these infestations on the aesthetics of trees 

control methods are discussed. 

INTRODUCTION 

in South-East Asia, urban
In developing countries such as those 

lastsubjected to rapid population increases during the 
centres have been 

from the rural areas. In the 
twenty years due to migration of people 


of new urban centres or the enlargement of existing towns

establishment 

plays an important role. Various types
and cities, landscaping with trees 

were grown depending on their size, morphology, habit,
of trees 

The island of Penang is 
reproductive properties and sites of planting. 


It is about 24 km long

situated at the north-west of Peninsular Malaysia. 


by 14.5 km wide. The climate is typically tropical with an almost even
 

27 0 C and an annual rainfallannual temperature is aboutclimate. The mean 
spread fairly evenly during the year. Georgetown, the 

of about 2440 mm 
capital of the State of Penang, is situated on the north-east of the island. 

Extending from Georgetown towards the north-east and also south of the 

island are new suburbs with housing estates. About 15 km south of the 
planting is taking

is the new urban centre of Bayan Baru. TreeGeorgetown 
as in the new urban centre. Many of the trees 

place in the suburbs as well 
and this study of the incident of pacasitic plants on older trees 

are young 

in control methods.
would indicate future action 

METHODS AND MATERIALS 

site chosen is the 113 hectare caimpus of Universiti Sains
The study and iseastern side of the island of Penang

Malaysia. The campus is on the 
military camp, is on 

about 8 km south of Georgetown. The campus, a former 
are great variety of trees,

vith hills and valleys. There a
rolling ground 
some occurring naturally, some planted before 

the establisment of the
 

being planted as and when physical development of the 
arecampus and others 

the landscaping of the 
campus progresses. Tree planting as part of 

Office. A map
University is co-ordinated by the University's Development 
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of the campus was obtained and divided into grids.metres height in each grid 
All trees above threearea were examined,and then with first visually on thea pair groundof binoculars 

plants. for the presence orAlthough Ficus spp. absence of parasiticare not parasitic in the true sense, they wereinc.uded in the study since some of the hosts are eventually killed and the
aesthetics of the hosts are badly affected. 
Specimens of parasitic plants
were collected and identified using keys by Henderson (1959)
(1924). and Ridley
Their morphological characteristics

identification through the binoculars. 

were studied to enable
 
The host trees were identified using
keys mainly by Corner (1952).
 

RESULTS
 

A total of 45 species of trees numbering 1295 individuals wereexamined for the presence of parasitic higher plants and strangling figs.350 trees 

and 

(or 27%) were found to be infested with parasitic higher plants
strangling figs (Table 1).
Artocarpus sp.., 
Eight species, Adenanrh-cia pavonina,Ceiba pentandra, Enterolobium saman,Lagerstroemia fgos-reginae, Pongamia pinnata and Pterocarpus indicus were 

Grewia tomentosa, 
found to be seriously (more than 40% individuals) infested.
species were-moderately (20-40%) infested. 

Fourteen other
 
or not infested. The rest were slightly infested
Most of the species without infestation were small in
number and could have escape attack. However, threeequisetifolia, Jacaranda filicifoZia and Pumeria obtusa with 40 or more
individuals were not infested. 
These species are probably resist.nt to
 

species, Casuarina 

attack. 

The most 
common parasitic higher plant is Loranthus ferrugieus Jack
(Scurrula ferrunginea (Jack) Dans) which was found to attack 24 species of
trees. L. pentandrus Linn. (Dendrophthoe pentandra(Linn.) Miq.)
common but found on a smaller number is also

of individual trees.
both L. ferrugineus and In most casesL. pentandrus ere found together on theViscum orientale Willd. same trees.is not an important parasitic higher plant.
retusa is Ficus
the most important strangling fig and is found on almost all the
tree species where parasitic higher plants were present.
 

DISCUSSION 

One of the most important considerations for growing ornamentaltheir aesthetics. trees ishen trees 
are infested with parasitic higher plants,
the appearance of the trees are affected. 
These parasitic higher plants
cause stunting of young trees in Penang and heavy infestation could cause
death of branches and delay in flowering, for example, Lagerstroemia fZosreginae infected by Loranthus ferrugineus. ManyUniversity campus of the tree speciesare also roadside in thetrees. Infestationalso weaken of ornamentalthe branches treesso much 
during the many 

that there is a danger of falling branchestropical rain storms.pentandrus and the 
Loranthus ferrungineus, L.strangling fig , Ficus retusa occurhost trees. These on a wide variety ofthree species

lowland trees 
had also been reported to be commonin Peninsular onMalaysia and Singapore (Corner, 1952: Ridley, 
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as having a wide1924). The loranthaceous plants have also been recorded 
as well as aesthetic value (Joharihost range including trees of economic 

also found to be important in team
and Bhatnagar, 1972). L. pentandrus was 

1976). 	 Animals such as monkeys, squirrels and birds
plantations (Nuhamara, 
have been reported (Corner, 1952; Kuijt, 1969) to eat the fruits of 

and deposit the seeds on the branches of
mistletoes and strangling figs 

they germinate into bushes. Birds especially in the familytrees where 
important pollinators of mistetoes (Kuijt,

Dicaeidae are also regarded as 

1969). Pruning of branches of trees infested with parasitic higher
 

been carried out in Penang, Malaysia. However, the method is

plants have 

may be the answer. The control of
not effective. Chemical control 

has been satisfactorily practised inmistletoes by chemical methods 
Sprays and injections by various chemicals particularlyAustralia. 

and related genera
formulations of 2, 4-D have successfully killed Anyema 

1957). 	 The control of
growing mainly on Eucalyptus (Greenham and Brown, 

on teak by diquat was found to be satisfactory (George, 1966).
Loranthus 
However, there is 	 the difficulty of reaching the parasitic higher plants 

spraying methods. The alternative is to look for a
with conventional 
systemic selective herbicide to be applied to the roots of trees for 

on the branches,
control 	of the parasitic higher plants 
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Table 1A list of tree species in Universiti Sains Malaysia (USM) Campus infested by
parasitic higher plants and Pius spp. 

Nos. 
 Trees 

No. infected/ 
 No. of trees infested*
total no. (**) 
 Li Fl - F F3

1. Acacia ariyiformi 


2. Achras zapota 	
8/81 3 4 0 13. Adenanthera pavonina 	 0/9 

0 0 

10/23(++) 
 4 8
4. Anaxrdi wnocoidental e 	 0 6 2 15. 	 1/9 0 0Artocarpws heterophyZZuS 	 0 0 1 16. Artocarpus integer 	 2/18 1 1 0 01/5(+)
7. 	 Arrocarpus sp. 0 0 16112(++) 
0 0 0 

8. Averrhoa biZ bi 	 0 1 0 5 0 4000/3
9. Canar2an sp. 	 0 
10. Casasia simmea 	 8/35(+)0/2 	 4 4 1 311. Casuarn equisetifolia 	 3 1 1
12. 	 0/65Ceiba pentca;da 

3/5(++)13. Cinnmnor,,n iner s 	 2 3 0 0 014. Crypteroniapaniculata 0/1 	 0 
15. DeZonij regia 	 2/6(+) 0 

0 
0 1 2 016. 	 35/99(+) 0D"rio zibethinus 	 14 18 0 24 117. 	 4/49 1EhtervoZobiwn 	 1nan 	 2 0 3 0 018. Erythrina indica 	 50/83(++) 38 
 9 019. Erythrina sp. 	 11/42(+) 1 

38 3 15
1 0 6 220. 	 1/4(+) 6Eugen-a grandis 	 0 1 021. En'zna sp. 	 3/8(+) 
0 0 02 1 
 0 0 0
6/21(+) 	 0
1
22. Fagraeafrgrans 	 1 1 4 1 0

23. 	 0/2Garcinia mcngostana 6/27(+) 2 4 o 01 0 



Nos. Trees 
No. infected, 
total no. (**) LI 

No. of trees infested* 

J2 V F1 F2 F3 

24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40 
41. 
42. 
43. 
44. 
45. 

Grewia tomentosa 
Jacarandafilicifolia 
Lagerstroemiaflos-reginae 
Mallotus macrostachyus 
Mangifera foetida 
Mangifera sp. 
Melia indica 
Mimusops e Zengi 
orinda citrifolia 

Moringa oleifera 

Nepheliwn sp. 
Parkiajavanica 
Peltophorm pteroarpn 

Pithecellobium dulce 
Pithecellobiw jiringa; 
Plwneria obtusa 
Pongamia pinnata 
Pterocarpus indicus 
Spathodea campanulata 
Tcmarindus indica 
Terminalia catappa 
Vitex sp. 

71/107(++) 
0/46 
8/8(++) 
1/3(+) 
0/2 
2/25 
4/41 
0/1 

35/107(+) 
0/1 
1/47
0/1 

24/80(+) 
2/5(+) 
0/1 
0/40 
1/2(++) 

30/60(++) 
1/8 
7/31(+) 
6/69 
0/I 

30 

4 
0 

1 
0 

13 

0 

1 
2 

1 
6 
0 
3 
1 

67 

8 
0 

2 
2 

24 

1 

7 
1 

1 
9 
0 
2 
5 

0 0 

0 2 
0 1 

0 0 
0 2 

6 28 

0 0 

0 12 
0 0 

0 1 
3 24 
0 1 
1 2 
0 0 

-

0 

0 
0 

0 
0 

0 

0 

2 
0 

0 
6 
0 
3 
1 

0 

0 
1 

0 
1 

0 

0 

6 
0 

0 
3 
0 
0 
0 

TOTAL 350/1295 135 215 16 138 21 49 

= Ficus retusa; 
Li = Loranthus pentandrus; 12 = L. ferrugineus; V = Viscw orientale; F1 

F2 and F3 = Ficus sp. 2 and 3. 

** ++ = >4o%; + = 20-40%; the rest < 20% 
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POSSIBLE HOST DEPENDENCY OF EPICORTICAL ROOT FORMATION IN
CULTIVATED SCURRULA PULVERULENTA (LORANTHACEAE)
 

G. GRAZI, Hiscia Laboratory, 4144 Arlesheim, Switzerland.
 

Abstract. Two plants of the mistletoe Scurrula pulverulenta
G. Don (Loranthaceae) were grown successfully from Indian
seeds on Quercus ilex L. and Hedera helix L. The plant on ivy
grew vigorously and after three years produced many flowers
which matured normal berries and seeds. The plant on oak grew
less vigorously and in the 
same period produced fewer flowers
and berries; the seeds, nonetheless, developed normally. The
plant on ivy, although it reached considerable size, did not
produce epicortical roots, whereas the plant on oak developed
a long strong epicortical root. Another plant on the same oak,
which was accidentally broken and did not reach flowering, also
developed a strong epicortical root. Two possible hypotheses
are discussed 
- (1) the epicortical root formation in Scu.-rula
pulverulenta may be genetically inhibited in some plants; (2)
the inhibition may be a response to the nourishment available
from the hor 
 tree.
 

INTRODUCTION
 

In my cultivation trials of mistletoes I had some success
with Scurrula pulverulenta (Grazi, 1983). Bhojwani and Johr
(1977) have described the aerial roots of this mistletoe in
Dehra Dun. Two of my Scurrula pulverulenta plants which
reached maturity behaved quite diffently in the production of
aerial roots. Kuijt (1981) prefers to use the term epicortical
roots and attaches great taxonomic importance to the presence
or absence of such roots in neotropical mistletoes. I have
found that some Scurrula pulverulenta plants mature without
epicortical roots and propose explanations for this.
 

METHODS AND MATERIALS
 

Ripe fruits of Scurrula pulverulenta grown on orange tree
at Shillong (India) were gently squashed soon after arrival in
January 1979 and 36 sticky seeds were placed on 3 host plants
(Citrus sp., 
Hedera helix, Quercus ilex) in pots in a temperate (10 
- 250C) greenhouse. Records of the germination and
4:urther development were supplemented with drawings and photographs.
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RESULTS
 

seeds grew more than 10 cm. The remain-
Only 3 of the 36 

ing 33 either did not germinate or produced poor seedlings
 

that died after 3 leaves had appeared.
 

One plant on ivy grew to 100 cm by 1982 and produced more
 

than 100 flowers between October 1981 and March 1982. The ber

ries were ripe by early spring 1982 and gave normal seeds,
 

some of which developed when placed on new hosts (Grazi, 1983).
 

Unfortunately this ivy was killed by drought in summer 1982 so
 

that it was not possible to follow further development of the
 

parasite.
 

One plant on oak grew less vigorously during the same
 

period (40 cm in 1982) and gave only 19 flowers in February
 

1982. Only 2 berries ripened and these produced no plantlets.
 

The next year the plant grew another 60 cm and flowered abun

dantly from October to March 1983, producing 49 berries. The
 

seeds germinated and produced plantlets on several hosts.
 

same oak also grew slowly and was
Another plant on the 

broken accidentally at the base in summer 1981. By that time
 

it had reached 16 cm. After this accident it began at once to
 

form a new shoot from the basal part, which reached 20 cm in
 

1983. This plant has not yet flowered.
 

Both mistletoe plants on oak produced a strong epicorti
cm long, with several secondary hauscal root more than 30 


toria and leafy buds. The plant on ivy, on the contrary, did
 

not produce an epicortical root.
 

The 16 Scurrula pulverulenta plantlets of the new gener

ation sown in 1982 have produced a total of 5 epicortical
 

roots in 1983: 2 on Quercus ilex, none on Hedera helix, 3 on
 

other hosts (Grazi, 1983).
 

DISCUSSION
 

Although more material is needed to reach a final con

clusion, the present results indicate that in Scurrula pul

verulenta the formation of epicortical roots may not be a con

stant feature. Bhojwani and Johri (1977) did not mention the
 

absence of epicortical roots in their studies. Kuijt (1981)
 

reported a probably exceptional case of a mature plant without
 

epicortical roots in the loranthaceous Oryctanthus occiden

talis. He considers the occurrence or absence of epicortical
 

roots of great importance for systematic purposes.
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If the occurrence of epicortical roots In Scurrula pulverulenta in India is a general rule and if these organs have
a taxonomic value, it is interesting to discuss how a plant
could reach maturity and considerable size without forming any
such root.
 

(1) It may be that the plant on ivy was genetically different from the others. If so, genes inhibiting the epicortical roots must be present but seldom expressed in nature.
 
(2) It may be that the ivy had an inhibiting effect on
epicortical root formation, but still provided sufficient
nutrients for vigorous development.
 

To test further the two hypotheses a vegetative transplantation of Scurrula pulverulenta from oak to ivy is

planned.
 

If the main function of epicortical roots is to increase
the number of haustoria, then it is possible that host trees
that provide abundant nutrients inhibit root development. If
a certain area lacks such hosts, then all Scurrula pulverulenta growing there will produce epicortical roots.
 

On the other hand, if the function of the epicortical
roots is mainly to increase vegetative reproduction, then it
may be that plants with the genotype giving no epicortical
roots are gradually eliminated from a natural population and
reappear only in very exceptional circumstances.
 

I hope that the results of the second and third sowings
may bring further arguments for one or the other of the hy
potheses.
 

Acknowledgements. Thanks are due to Dr. M.R. Diengdoh (Shillong, india) who kindly sent the original plant material and
to Dr. J.K. Maheshwari (National Botanical Research Institute,
Lucknow, India) who helped with literature.
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COMPARATIVE 
 HISTO-PHYSIOLOGICAL STUDY OF THE GERMINATION AND ESTABLIS1MENT 
OF THREE MAJOR PARAS iTES : VISCUM, (OB4 AND CUSCUTA 
G. SALLE, M. ABER and S. LE COZ, Universit6 Pierre et Marie Curie, Laboratoire de nytologie expfrimentale et morphogenbse v~gftale, 4 Place
Jussieu, BAtiment N 2, 75230 PARIS CEDEX 05, FRANCE. 

Abstract. The damage caused by the genera ViRow, Cuacuta and Orobanche isso severe that all possibilities of control must be considered. The autotrophic period of their life, i.e. their germination and their establishment on a host, seems to be the best period to apply any method of control.
In this paper, morphological and cyto-paysiological aspects of the germination and of the establishment of the three pests are compared.
 
Organs developed during germination show different behaviour. For
Orobanche and Cu&suta the organ in the radicular position does not present
the typical organization of a root. Its cells neither divide nor synthesize
nuclear DNA ; they are blocked in the G, or G2 phase of their cycle. The
growth of this organ is only due to auxesis. On the contrary the cells of
the hypocotyl developed by Viown and those of the stem and of the shootapex of Cuscuta show a nuclear reactivation after anature of this reactivation resting period. Theis reported. The growth of these organs involvesmeresis and auxesis.
 

This cyto-physiological work brings new insights into the biology of
these parasites which should be helpful for a future chemical program of
control.
 

INTRODUCTION
 

Viocm, Otrobanche and Cuscuta are the major parasitic flowering plantswidespread in Europe and all around the Mediterranean sea. They cause important damage on trees for Vi cown, on cultivated plants for Orobanche and
Cuscuta.
 

Many aspects uf the biology of these three pests have been reviewed
in recent literature (Gill and Hawksworch, 1961 ; Kuijt, 1969, 
1977 ; Kuijt
and Toth, 1976 ; Ozenda and Capdepon, 1979 
; Pieterse, 1979 ; Musselman,1980 ; Frochot and Sall, 
 1980 ; Sall6, 1975, 1977, 1983).
show many differences related to 
These parasites


their organization, ecology and physiology.
 
The control of these plants is a problem still to be solved. Whatever
the method of control, i.e. biological, chemical, mechanical or use of
resistant crop varieties, it is fundamental to 
 know the biological mechanisms involved.
 

The aim of this paper is to present and to compare cyto-physiological
data concerning the germination and the establishment of these three major
parasites. Beside the fact that these plants cause important damage in agri
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cultural areas, three other reasons justify such a compArative work :
 

(1) Orobanche and Cuscuta are holoparasites, whereas Viecum is an hemipara
site, (2) two plants are stem parasites (Viecum and Cusacuta) and the third 
is a root parasite (Orobanche), (3) Viecum and Cuecuta start their germina
tion without the presence of a host whereas Orobanche needs the secretion 
of a stimulus by the host root system. 

A better knowledge of the morphological and cyto-physiological events 

occurring during the germination and the establishment of the parasite on 

the host should indicate the stages where the parasites are the most sensi

tive to treatment and consequently facilitate the choice of an efficient 
herb ic ide. 

METHODS AND MATERIALS
 

Germination was obtained under appropriate conditions. 

Seeds of Viscw album L., collected in February, were sterilized by a 
sodium hypochlorite solution and then placed in Petri dishes on a wet filter 
paper. The germination occurred at 23*C under a 16 h. photoperiod. 1, 2, 3, 
4, 10 and 20 day-old seedlings were fixed in formalin and prepared for the 

cytological study. Fr histoautoradiography, samples were treated as des

cribed earlier (Salle, 1975, 1977). The establishment of Viecui album was 
studied on experimental implantations on host branches (apple tree). 

For broomrape, the minute seeds of Orobanche crenata Forsk. collected 

by Aber in Morocco, were inserted between two sheets of filter paper on 

which Vicia faba (var. major) seeds were placed. During germination of the 

latter the root exudate provoked the germination of the parasite. Two sam

ples of "procaul8mes" and young plants on the host were collected under a 

binocular. One was treated by the Cohen and Garner's method (1971) for SEM 

observation, the other for cytological work. 

For the germination of dodder, seeds of Cusacuta lupuliformis Krocker
 

were treated with sulfuric acid for 10 minutes (Gaertner, 1950) and then
 

rinsed in cool water. After a 3 h. imbibition, they were placed in crys

tallising dishes on a layer of wet filter paper under controlled conditions
 

(20-23*C, 16 h. photoperiod). Samples were collected at intervals and trea

ted for different purposes (SEM, light microscopy, autoradiography).
 

RESULTS
 

Organization of the embryos
 

Table I sumnarizes the most striking features of the embryos of the 
parasites. It is noteworthy that among these three genera, the embryo of 

Orobanche is the least structured. So, the polarity suggested by some au

thors (Krenner,. 1958 ; Aber and Sallf, 1983) is very slight. During the 

embryo development of broomrape and of dodder the suspensor disappears very 

soon (Tiagi, 1951 a, b ; Johri and Tiagi, 1952). 
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Table I 
Comparison of some features of the embryos of Viacu, Cucuta and Orobanche 

eature 
 Differentiated 
Differentiated

Cotyledon shoot apex organ in the Endosperm ChlorophyllGenera 


micropylar zone 

Vieczm 2 + + ... 
 ++Cuecuta 
 0 
 + 
 + 
 ++ 
 0

Orobanche 
 0 
 0 
 0 
 + 0 

Morphological aspects of the germination and establishment of the parasites
 

1) Viscum. During the germination of Vicown the hypocotyl elongates(Fig. 1) until its swollen tip reaches the host surface. Then it flattensagainst it and formes a holdfast (Fig. 2). The seedling soon stands erect
after depletion of 
the starchy endosperm.
 

hy
 

5mm 

hy 

Fig. I - V. aZlbu 
 20 day-old seedling with elongated hypocotyl, hy, and
its swollen tip, st. s, seed.
 
Fig. 2 - V. aZbum : 
early fixation on the host, H. ad, adhesive disc ; h,
holdfast ; by, hypocotyl ; s, seed. Arrow, dried viscid tissue.

Fig. 3 - 0. crenata : well developed "procaul8me", Pr. ex, extremity ; s,


secd.
 

2) Orobanche. During the germination of 0. crenata seeds, stimulated
by the root exudate, the cells of the micropylar zone expand out of thetesta and form a filamentous organ (Fig. 3) which has been called a radicle
(Chabrolin, 1939 
; Roger, 1954), 
a germ (Krenner, 1958), 
a "germ tube like"
(Kadry and Tewfic, 1956 ; Abou-Raya et aZ.,
(Velenovsky, 1905 ; Cgzard, 1976 
1973) or also a "procaul8me"


; Aber and Sall, 1983). It can elongate
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to 3 or 4 m. When it reaches a host root it differentiates papillae and 

some of its elements penetrate the host tissues 	rapidly.
 

bb 

Fig. 4 to 6 - C. lupuliformis at different stages. 

Fig. 4 - Stage B, note the curvature of the future basal body, bb. 

Fig. 5 - Stage D, the zone of papillae, zp, is well developed at the tip of
 

the tvasal body, bb. The extremity of the stem is still enclosed in
 

the seed, s.
 

- Stage E, the tip of the basal body is necrosed, arrow. The stem,
Fig. 6 

st, elongates and forms a hook, ho. 

In Cuscuta one finds the most complicated type of germi3) Cuscuta. 
nation. Recently, in our laboratory, phenological stages of germination 

(Le Coz, 1983).hrave been demonstrated for Cuscuta Zupuliformis 	by SEM 

During stage A the part of the embryo located in the micropylar 
region
 

protrudes at the surface. Stage B is characterized by the curvature of the 
"radicular organ" (Fig. 4). ThLn it elongates, gains an orange pigmentation 

and differentiates papillae at its tip. During stage D (Fig. 5), it reaches 

its maximum length and width whereas the elongation of the stem continues, 
the
its tip still enclosed within the endosperm. During stage E (Fig. 6), 


swollen basal part of the seedling degenerates while the endosperm is torn
 

out and the tip of the stem formes a hook. Then 	 the necrosis of the "radi
and the stem begins to circular organ" increases, whereas the hook opens 


into contact with a suitable host.
cumnutate actively to bring it 

during the germinationrnese observations show that the organ formed 

of Viscum and Orobanche has a well-defined purpose : to establish a contact 

with the host surface. On the other hand, the basal body of the dodder 

forms a mechanical base for the seedling and provides it with water and 
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Fig. I I Nuclear events occurring during the germination and the esta

blishment ofnuclei , percenCtges of mitosis ; A 

Vieowe aTbg. .*.L.., percentages of labelled, auxesis
 

only ; (1), 
 first labelled nuclei ; 
(2), first mitosis. The
diagrams correspond to the cytophotometric measures.
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of germination. Broomrape is characterized by
mineral salts from the outseft 


the weakness of the "procaultme".
 

Comparison of the cyto-physiological aspects of the germination of Viewn, 

Cuacuta and Orobanche 

From a cyto-physiological point of view the events occurring 
during
 

are the best known among the three parasites conthe germination of Viaown 
sidered. 

1) Via wn. During the germination of Visoum the growth of 
the hypoco

tyl is mainly due to meristematic activity located in 
its extremity (Fig.
 

showed that these cells had meristematic characters, i.e.
 
7). Sall (1975) 

isodiametric shape, voluminous nucleus, poorly developed 

vacuoles and high
 

density of cytoplasmic ribosomes. In mature embryos these cells do not syn

thesize DNA and never divide (Salle, 1976). When the seeds 
are given good
 

conditions for germination the hypocotyl elongates during 
the first 72
 

; auxesis is clearly the only phenomenon involved in this 
hypocotyl


hours 

elongation.
 

Two days after the beginning of germination the first labelled 
nuclei
 

(after a 6 hours contact with a tymidine 
3H solution) were observed, and
 

one day later the first mitosis could be detected (Fig. 
11). Labelling and
 

zones of 4 and 10 day-old

mitotic indices, calculated for 20 meristematic 


germinations, showed a gradual increase of their values which remained at
 

about the same level (22.9 % and 3.2 %) during the whole gernination.
 

A cytophotometric study (Fig. 11) performed on Feulgen stained nuclei
 

the nuclei of these meristematic
showed that, during the resting period, 


cells were blocked in the C synthetic phase of their cycle. After 4
 

days of germination a high percentage of the nuclei had 2C DNA content but
 

some of them had higher values. Later on 
the DNA values extended over both
 

the 2C and 4C ranges.
 

During the differentiation of the holdfast (Fig. 8), under the adhesive
 

disc, the meristematic zone occupied the central zone, surrounded 
by paren

chymatous margins. Labelling and mitotic indices increased 
respectively,
 

15.2 Z. These variations could be
 from 22.9 % to 35.0 % and from 3.2 % to 


explained by a more restricted localization of the meristematic activity in
 

the "coin de pfnftration", perhaps associated with an acceleration 
of the
 

cell cycle.
 

1959 ;

2) Cuocuta. Some former works (Mirande, 1900 ; Fritsche et al., 

Truscott, 1966) and a very recent one (Le Co7, 1983) showed that 
the basal 

part of the seedling of Cuscuta did not present the typical organization of
 

a root (Fig. 9). Parenchymas (cortical and medullary) were 
well developed,
 

whereas the meristematic zone and the cap were missing. The cyto-physiolo

gical work of Le Coi demonstrated that during 
germination the basal and the
 

upper parts of the seedling had different behaviour. They have been defined
 

during the five phenological stages of germination. They 
are summarized in
 

table 2.
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Fig.7- Longitudinl section of the tip of a growing hypocotyl of V. albw. 
mz, meristematic zone ; s, superficial layer ; tr, 
tracheid. 
Fig.8 - Longitudinal section of a holdfas, h,of V. album, ad, adhesive disc
ipc, inner dead parenchymatous cells ; ma, margin ; mz, meristematic zone 

;
 
;
 

s, superficial layer. 
 rrows show dead superficial cells. 
Fig..9 Longitudinal section of the tip of the basal body of C. bluliformis at 
the stage B. CP, corical parenchyma ; NP, ,mdullary parenchyma ; pc, procambium. 
Fig. t- Longitudinal of a gemination of 0. ceaa with its "procau15me", Pr,aind its active cells, ex. e, rest of the embryo ;en, endosperm ; ta, testa.
 



Table 2 

Cyto-physiological results obtained on Cuocuta ZupuZiformie from the imbi
bition to the beginning of the necrosis of the basal part of the seedling.
 

Nuclear Hitotic Size of the Hydration and evolution of the phenological
 
cells of the substances stored in vacuoles


DNA 	 basal part (proteins)and in cytoplasm 

synthesis activity (11m) 	 (starch) stages
 

bb st bb st L W bb 	 st
 
m m 

numerous small 	very beginning A 

vacuoles of the hydration
 
40 22 ++
proteins 	 proteins .++
 

starch ++ 	 starch ++ 

I to 3 medium 	 vacuolation B 

vacuoles 
-sized--

proteins ++ 	 proteins + 

starch ++ 	 starch ++
 

one single large 	 vacuolation C 

102 35 vacuole 
- ++ - + 


only proteins + proteins X
 
in st starch + starch ++
 

single large 	 single large D
 

vacuole
110 54 vacuole
++
-+++ 


proteins 0 	 proteins X 

amidon 0 	 starch +++ 

necrosis of 	 single large E 
vacuole \ - +++ X X 

the cells proteins X 

starch +++
 

bb, basal body ; m, meristem ; st, stem ; L, length ; W, width. 
X, absence of results. 
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Whatever the phenological stage the basal part of the seedling neitherdivides norsynthesizes nuclear DNA. The cells show a marked enlargment,their length increasiag from 40 Um (stage A) to 110 jLm (stage D), whereas
their width increases from 22 jm (stage A) to 54 pm (stage D). 
This enlargement is accompazied by vacuolation and depletion of stored material
(proteins and starch). This differentiation ends with a total ,crosis ofthe organ. These original results demonstrate that the growth of the basalpart of the seedling is due only to significant auxesis.
 

During stages A and B cells of the shoot apex and of the stem neither
synthesize nuclear DNA nor divide. As for the cells of the basal part of the
seedling they are blocked either in the presynthetic phase G1 or in thepost-synthetic phase C2 of their cell cycle. Only a cytophotometric studycould determine the phase in which they are blocked. They reactivate duringstage C, with a slight delay for the meristem. It is important to note thatthe parenchymatous cells of the stem show an intense nuclear activity. Thenewly formed cells vacuolate progressively with a delay as compared to thebasal part of the seedling. Whereas proteins were hydrolized, starch was
stored in the cells of the stem. We clearly demonstrated that the seedling
growth involves meresis and auxesis in the shoot apex and also in the stem. 

3) Orobanche. The weakness of the "procaul6me" explains why onlystudies have been performed on it. Aber (1981) 
few 

and Aber and Sail (1983)
never observed mitosis in the very active cells of the tip of the procaulane
(Fig. 10). Moreover, they noticed the important auxesis occurring in the parenchymatous cells. In a very long 'procaul6me;, they reach 200 Pm inlength. One should note (Fig. 10) 
can 

that the "procaul8me" was devoid of anyconducting tissues ; its only function is to bring the terminal active cellsin contact with a future host root ; its feeding role should not be imveryportant. In Orobanche the shoot apex is initiated very late, after thedifferentiation of the tubercle.
 

DISCUSSION
 

The three parasites Viscm, Orobanche and Cucuta differ from one
another in their development, their location 
on the host and also in their
cyto-physiological behaviour.
 

The radicular pole of the embryo always gives rise to a peculiar grganwhich is very different for the three examples. Organs of Vioum end Orobanche developed during germination show an extreme morphological dissimilarity. However, they look alike when they bring the active zone of the parasite in contact with the host plant. The 'ituation is completely different
for the basal part of the seedling of Cuecut, which plays both a mechanicaland a fundamental feeding role. It tapa water from the environment andsupplies the upper part. Our cytological observations (highly vacuolatedcells) corroborate the physiological work of Fer (1979) 
which shows the
active role of the basal part of the 3eedling in its water supply. The lifeof this organ is very short (8 to 10 days). If the aerial part does not
establish a functional connexion with the host tissues within this period,the progressive necrosis of the organ causes 
the death of the seedling.
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The autotrophic period of Viscum is the longest (it can last several
 

months) because the seed and the embryo are chlorophyllous. They produce
 

most of the food necessary for the seedling.
 

Althoughmany experiments have been made with synthetic germination
 

stimulants (Johnson et al., !976) or analogues (Saghir, 1979) or with her

bicides (Dawson, 1979 ; Schmitt et al., 1978 ; Gimesi, 1979 ; SchlUter and
 

Aber, 1930 ; Mesa-Garcia and Garcia-Torres, 1982) new investigations need to
 

be done in these ways to control parasitic plant development.
 

The autotrophic period of life of parasitic flowering plants represents
 

the best moment to apply a chemical method of control. Already the present
 

cyto-physiological data and the better knowledge of the development of these
 

three parasites should suggest some herbicides able to perturb one of the 

growing phases. For example, herbicides inhibiting auxesis may be active
 

only on the growth oi the basal part of Cuscuta seedling or the "procaulbme"
 

of Orobanche. It is evident that the weakness of the latter should be an
 

interesting aspect although, so far, nobody has proposed any efficient ac

tion against it. On the other hand, herbicides affecting the mitosis or the
 

microtubular system might have an inhibitory effect on the activity of the
 

tip of the Viscum hypocotyl or on the stem development of Cuscuta.
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Abstract. The genus Viscwn is widespread in Europe, Africa and Asia.
 
Economic losses caused by mistletoe are evident, but have never been estima
ted seriously.
 

Removal of aerial shoots and pruning are quite inefficient. Treatments

with synthetic hormones or growth substances can give efficient results but
they are not definitive and often they have to be repeated. The selection
 
of resistant varieties of trees against mistletoe has appeared to be a
 
promising and a complementary method of control.
 

Since 1974, the resistance of 4 cultivars of poplar, "Fritzi Pauley",

"1214", "Bergerac" and "Blanc de Garonne", has been investigated in France.
The first is very susceptible whereas the last is resistant. The two others 
are intermediate. A histo-cytological study, undertaken in 1980, demonstra
ted that two barriers were involved in the resistance of poplar : a mecha
nical one and a chemical one. The mechanical barrier concerns the thickness

of the phellem and the location of lignified fibers. The bark of resistant
 
trees has 
a thicker phellem and more numerous and more superficial fibers.

Moreover, there are anatomical features specific to each variety. The

chemical one, involving an secretion of
important polyphenols, is stimulated 
in response to the attack of the parasite. 

In future, resistance to mistletoe infection should be taken into
 
account before recommending new varieties of trees.
 

INTRODUCTION
 

Viscum album L. is a widespread parasitic flowering plant which para
sitizes various kinds of trees, including orchard trees (apple, almond,

pear), forest trees (fir, pine) and hardwood trees (poplar, maple, linden,

etc.). Its development causes a general decrease in all parameters of

production (Peter-Comtesse, 1940 ; Guinier, 1934 
; Gill and Hawksworth,

1961 ; Kuijt, 1969 ; Preston, 1977) : growth in height and in diameter,

quality of the wood, setting of fruits and seeds. 
It can also provoke

premature death of the host. Moreover, an increase in the susceptibility
of the attacked trees to other pathogens is observed. For all these reasons,
control of the european mistletoe becomes a serious problem.

Now, it is well established that the removal of aerial shoots is quite

inefficient because the new shootsendophytic system regenerates rapidly 
(Sallg, 1977).


During the 1970's, some methods were assayed to eradicate Viseum aZum 
on fir using chemical treatments. For example, Delabraze and Lanier (1972) 

22
 



sprayed various phytohormones and growth substances (2,4-D ; 2,4-MCPB ; 2,
 

4, 5-T ; chloro-2 ethyl phosphonic acid) on the foliage of mistletoe or
 

injected them into the host trunks. Six months later they could observe the
 

yellowing or even the death of the aerial part of the parasite. The effi

ciency of the treatments was assessed five years after their application
 

(Frochot and Delabraze, 1979). Results depended on the nature of the subs

tances, the methods and time of application. In some cases, a durable effect
 

was observed for 2,4-MCPB and 2, 4, 5-T when sprayed on host foliage during
 

the spring (April) or injected into the trunk at the end of the summer
 

(September). In other cases a declining efficiency followed by a mistletoe
 

recovery occurred one to three years after the application. Even if these 

treatments were tolerated by fir because of the selectivity of 2,4-MCPB 
and 2, 4, 5-T for this species, they are hazardous for hardwood trees. In
 

such cases the substance must be sprayed only on the aerial parts of the
 

mistletoe. In fact, they only destroyed the foliage of the parasite, leaving 

alive the endophytic system (Sall6, 1977) which is able to give rise to new
 

aerial shoots the following years.
 
This is the reason why the selection of resistant varieties of trees
 

appeared to be a promising and a complementary method of control against
 

mistletoe. A new era began in 1978 with the work of Frochot et at. which
 

showed by experimental inoculations differences in the susceptibility of 4
 

cultivars of poplar : "Fritzi Pauley", "1214", "Blanc de Garonne" and "Ber

gerac".
 
To explain the mechanism of resistance against mistletoe, new artificial
 

inoculations have been carried out on a wider scale and a histo-cytological
 

study has been done.
 

METHODS AND MATERIAL
 

Experimental inoculations
 

Experimental inoculations were made in a plot of the INRA Champenoux
 

(Meurthe et Moselle, France) on a hundred 5 year old poplars belonging to
 

4 cultivars : Populus trichocarpa Torrey and Gray cv. "Fritzi Pauley" (FPL);
 

Populus x euranericana (Dode) Guinier cv. "Bergerac" (BRG); Populus x eura
merwana (DoJe) Guinier cv."1214" and Populus nigra L. cv. "Blanc de Garonne" (BDG) 

luring the winter of 1979 ripe mistletoe berries were collected from
 

infected poplars in the region of Nancy. Seeds from which the skin had been
 

removed were placed on pieces of tarlatan 5 by 5. In April 1979 approxima

tively one thousand seeds were placed on trunks of each cultivar measuring
 

5 to 6 cm in diameter. Three months later, the tarlatan was removed with
 

care. The development of the mistletoe was followed regularly according to
 

phenological stages defined by Frochot et at. (1978), the histological
 

characteristics of which had been specified in 1980 (Frochot and Sall). The
 

phenological stages and their corresponding histological features are
 

summarized in Table 1.
 
Complete evaluation of the development of the mistletoe seedlings were
 

performed 5, 19 and 41 months after inoculation. For the histological study
 

samples of control and parasitized poplars were collected after 19 months.
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Table 1 
Histological characteristics of the different phenological stages 

Phenological stages 
 Histological stages
 

(+) beginning of 
 growth of the hypocotyl with
, n7,mmHr germination a free extremity
 

(a) development of the
holdfast contact between the youmg
holdfast and the host bark
 

(b) holdfast well developed,
endosperm disappeared 

very beginning of penetration
of the young primary haustorium 

#,-,/nu (c) first two leaves 

development of the primary 

(d) and following :
development of the 
following internodes 

haustorium and establishment 
of direct connexions between
the two xylem tissues 

Histological techniques 

Freshly collected samples were fixed with formalin, then dehydratedethanol embedded in celloidin and sectioned in 
at 60 Um thickness with aTetrander Reichert microtome. The sections were observed unstainedstained with a methyleneblue-ruthenium or

red solution. Some cytochemical tests,suchas periodic acid-Schiff (PAS) for polysaccharides, HCl-phloroglucinol
for lignified cell walls, were used. Polyphenolic substances were characterized by their natural brownish colour and by a dark brownish stainingobtained after fixing by Regaud's technique including a postchromisation.
 

RESULTS
 

Table 2 summarizes the behaviour of mistletoe berries 5 and 19 months
after the beginning of the experiments.

After 5 months, many seedlings reached the phenological stages (+) and
(a), i.e. they were germinating. 
In all cultivars, the percentages of
germination were very high (FPL : 69.7% ; 1214 : 60.6% ; BRG : 70.1% 
; BDG :81.3%) and were much higher than the natural percentage assessed at 10% by
Frochot et aZ. (1978). 
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Table 2 

the 4 cultivars of poplar, 5 and 
on trunks of

Behaviour of mistletoe berries 
19 months after infection 

+ 19 months+ 5 months 

(c) (d) Ce)Seeds Stages and (a) b) 
per inoculation( 

3

703 431 107 5 


1008
FPL 


2 0
5
505
582
960
1214 

0

547 194 6 0 
768
BRG 


768
BDG 625 157 0 0 0
 

months after inoculation differences 
appeared among the cultivars.
 

19 

Considering the percentage of living 

seedlings two patterns could be distin

guished : the cvs "Fritzi Pauley" and 
"1214" showed a high percentage of
 

"Bergerac" and
 
live seedlings (respectively 54.1 and 

53.3), whereas the cvs 


"Blanc de Garonne" had lower percentages 
(respectively 22.1 and 20.4). More
 

interesting conclusions were obtained 
when taking into account the different
 

phenological stages for each cultivar. 
On "Fritzi Pauley" and "1214", many
 

seedlings reached the stage (b) (respectively 
431 and 505) and even the
 

On the contrary, on the cvs "Bergerac" 
and
 

stage (c) on the former (107). 


"Blanc de Garonne", very few seedlings 
reached the stage (b) (respectively
 

and none reached the (c) stage on cv. "Blanc 
de Garonne".
 

194 and 157) 

the 19th months, the decrease in the number of seed-

Between the 5th and 

lings reaching stage (b) and older ones 
can be explained by the death of 

cvs "Bergerac" and "Blanc 
many seedlings, still present on the 

trunks of the 


de Garonne". 

of mistletoe was performedsuccess or failureA third estimate of the 

41 months after the inoculation. Percentages of seedlings 
reaching (c) and
 

"1214" : 2.2% ; "BRG" : 1.5% and "BDG" 
older stages were :"FPL" : 24.0% ; 

because they were calculated after 
were undervalued0%. These percentages 

collection of several samples for the 
histo-cytological study. However, they
 

clearly indicated that "Fritzi Pauley" 
was very susceptible whereas "Blanc
 

; "1214" and "Bergerac" were intermediate 
with a
 

resistant 


low level of su':cessful implantations.
 
de Garonne" was 

Before studying the mechanism of resistance 
of poplar to mistletoe, the
 

cultivars was
 
histo-cytological organization of control 

trunks of the 4 


were always present (Figs I to 4) 
: from the
 

same tissues
established. The 

the xylem, phellem, phellogen with 

thin phelloderm, secondary
 
surface to 


phloem, cambium and xylem were found 
successively. However, the comparison
 

14 cultivars(Figstrunks of thesections of healtbyof longitudinal radial 
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"fS 

FPL 1214 -. 	 mm 

4W, 

Figs 	I to 4 - Longitudinal radial sections of trunks of the four cultivars.f, fiber ; Phe, phellem ; Pp, secondary phloem parenchyma ; Ppr,secondary phloem ray ; PE, periderm. Arrows show cells with a polyphe
nolic content.
 

to 4) showed important structural differences between the most dissimilar
cultivars in respect to the resistance against mistletoe, i.e. "Fritzi
Pauley" and "Blanc de Garonne". The cv. "Fritzi Pauley" showedvhellem (see, Figs I and 	 thinner4, Phe). Moreover,was quite homogenous, whereas 	
its secondary phloem parenchymain the cv. "Blanc de Garonne", most 	cells hada brownish content of polyphenolic nature (Fig. 4, arrows). Fibers, f, weremuch 	more numerous in this cultivar. It is interesting to notice that all
these anatomical aspects were 	 specific for each cultivar. Cvs "1214" and"Bergerac" had an intermediate structure. 
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~K5 	 Tir 

1214 	 .PL 	

tI07 	 . : 'OS, 8P~ 

S . • 	 ... 


,,.. . . .U•R 	 BDG,
 

Figs 5 to 8 - Longitudinal radial sections of poplar trunks parasitized by 

mistletoe. The penetration of the primary haustorium, HAU, separates 

the phellem, Phe, into two layers : an external one, Phe.e. and aninner 

one, Phe.i.. f, fiber ; h, holdfast ; Pp, secondary phloem parenchyma 
; 

Ppr, secondary phlbem ray ; * , polyphenols. Arrow shows cells with a 

polyphenolic content. 

the youngIn order to determitie the consequences of the penetration of 

the host bark and to compare them among the 4 cultiprimary haustorium into 
vars longitudinal radial sections were made on samples including the host
 

bark, the holdfast and the young endophytic system. Figures 5 to 8 show that 

writever the cultivar the penetration of the mistletoe provoked (1) a 

e rision into two parts of the phellem, Phe.e. and Phe.i., the inner part, 

enclosing the young primary haustorium, (2) a perihaustorial secre-
I i.i., 

cv.
tion of polyphenols, * . However, some differences are obvious. For the 

"Fritzi Pauley", in all samples investigated, the young primacy haustorium 

passed rapidly through the inner phellem and the polyphenolic zone. On the 

"Blanc de Garonne" (Fig. 8) reacted more intensively
contrary barks of cv. 

to the parasitic attack : the inner phellem was not broken by the young
 

primary haustorium and the 	polyphenolic secretion was much greater. Moreover, 
in zone breaks into twoin the "Blanc de Garonne", the where the phellem 

and along the inner phellem enclosing the haustorium,
layers (Fig. 8, *) 
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the walls of the newly produced cells were stained by the test HCl-phloro
glucinol, indicating a lignification of the walls.


It is important to keep in mind that samples were collected 19 monthsafter inoculation. At this time mistletoe was in the stage (b). The parasitictissues looked healthy theon cultivar "Fritzi Pauley", whereas they were
often dead in cultivar "Blanc de Garonne". 

So, in the 2 cultivars "Fritzi Pauley" and "Blanc de Garonne" the response of the host to the mistletoe attack actuallywas very different. Forthe two other cultivars, "1214" and "Bergerac", the intensity of the reaction varied from one sample to another according to their own resistancelevel. These different responses were very useful for the cytologist becausethe sequence of the events could be determined more For ineasily. instance,some samples of the cultivar "1214" or "Bergerac" (Figs 6, 7), the delayeddeath of the primary haustorium illustrates the role of barrier assumed byclusters of fibers. In this case, the tip of the haustorium was blocked bythese obstacles for some time before modifying its direction in order to

continue grow.
 

DISCUSSION
 

These artificial inoculations on poplars belonging to cultivars "Fritzi
Pauley", "1214", "Bergerac" and "Blanc de Garonne" inoculated with more numerous seedo and using a more sophisticated system, confirm the differencesof susceptibility against mistletoe shown by Frochot et aZ. (1978). "FritziPauley" is the most susceptible whereas "Blanc de Garonne" is completely
resistant. The othertwo cultivars "1214" and are"Bergerac" intermediate,
but rather resistant. This is true for poplars grown in the east part of
 
France.
 

In all cases the germination of mistletoe occurred at a high level :69% for "Fritzi Pauley", 60% for "1214", 70% for "Bergerac"and 81% for"Blanc de Caronne". Taking into account all our experimental conditions, thedifferences observed between the extreme percentages, i.e. 60% and 81Z,
could not be attributed either to effectan of the bark of the different
cultivar on germination or to the influence of external factors (weather,predators, etc.). In no case, 
did seeds placed on the surface of poplar
provoke a canker as described by Laurent (1899), Heinricher (1917) or Paine
(1950) 
on pear branches. So, absence of healthy mistletoe on some clones of
poplars did not correspond to a condition of "hypersensitivity" provoked by

a toxin from the mesocarp of the berries.
 

From the present work some mechanisms of the resistance against mistletoe became evident from a cytological point of view. At the surface of the
trunks of all cultivars the seeds germinated and the tip of their hypocotyldeveloped a massive holdfast which fixed them to the host. In these holdfaststhe "coin de pfntration" (Salle, 1975) always developed. During the stage
(a), the behaviour of the germination was similar on all cultivars. Diffe
rences appeared during the stage (b) which was 
the most important because
it marked the end of the autotrophic period of the biological cycle of
mistletoe and the beginning of the parasitic one. 

Irrespective of the cultivar, the reaction of the host to the parasitic
attack consisted of (1) a separation of the phellem into two layers, the 
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inner part surrounding the young primary haustorium ; (2) a secretion of
 

polyphenols in a perihaustorial zone ; (3) a lignification of the cell walls
 

all around the sinker. However, the intensity of these three reactions
 

varied according to the resistance of the host. In the susceptible cultivar
 

"Fritzi Pauley" these structures were rapidly passed through by the young 

to notice that this cultivar had the thinnesthaustorium. It is interesting 
phellem. Some individuals of this cultivar showed a very slight reaction 

reminiscent of that previously demonstrated by Sall6 (1975, 1977) on apple 

tr.es (cv. "Blanc de Garonne")branches. On the contrary, in the resistant 

the haustorium was never able to disrupt these barriers. Moreover, the 

secretion of polyphenols and the lignification of cell walls were much 

that, even though all samples were coleegreater. Our investigations showed 

ted 19 months after inoculation, most mistletoe grown on "Fritzi Pauley" was 

well developed. Connexions were established between the xylem of the host
 

and of the parasite and also initiation of cortical strands was observed.
 

These observations suggest the importance of the strength of the developing 

haustorium. In a sample some individuals may be stronger than others. So far
 

it is a problem of the meristematic activity
it is impossible to know if 


provoking the mechanical penetration or a problem of the quality (or the
 

quantity) of enzymes involved in a questionable enzymatic penetration.
 

In conclusion, for cytologists, 4 factors at least are implied in the
 

(1) the thickness of
phenomenon of resistance of poplars against mistletoe 

the phellem ; (2) the development of an inner phellem ; (3) the secretion of 

polyphenols ; (4) the lignification of the newly formed cell walls. It is 

evident that the thickness of the phellem represents a mechanical barrier 

the thicker the phellem is, the more resistant the tree is. The involvment 

of the three other factors is not so evident even though they have often 

other pathogens (fungi, nematodes). Prebeen 	mentioned during the attack of 

barks of the four cultivar to mistletoe aresently, these reactions of 

compared to those resulting from a mechanical wounding produced by a needle.
 

This study should indicate if only a living organism is able to induce these
 

cytological events. If so the implicationof an elicitor-phytoalexin system 

will 	be open to consideration.
 

This work brings new insights into the understanding of host-parasite
 

relationships. Even though many points concerning the phenomenon of resis

tance are still unclear, we hope that it will stimulate interest in further 

research.
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ECOLOGICAL STUDIES OF CISTANCHE TUBULOSA WIGHT.
 

K.C. AGRAWAL, Post Graduate Department of Botany, Government
 

Dungar College, BIKANER 334001, INDIA
 

Cistanche tubulosa Wight, an obligate phanerogamic
Abstract. 

root parasite, is of common occurrence in desert tract of
 

It has been found in two colour variants,
Rajasthan, NW India. 

viz. pale yellow and lilac. On sand dunes and sandy plains
 

the parasite is seen flowering from January to March with a
 

preference for Aerva persica Merrill, Calligonum polygonoides
 

Linn and Calotropis procera R. Br. as hosts while on river
 
front August to Octoberbed terraces it is found to flower 

Dcne and S. persicawith a preference for Salvadora 2 
Linn. as the hosts without any observable damaging effects.
 

No monocot or annual dicot plant species are seen to host
 

this parasite. The subterranean portion of C, tubulosa,
 

except in the haustorial root attachment regions, degenerates
 
The parasite perennaand decomposes soon after seed setting. 


tes through a coralloid mass of adventitious branches of the
 

remaining subterranean portion.
 

INTRODUCTION
 

Cistanche tubulosa Wight (Orobanchaceae), an obligate
 

phanerogamic root parasite, is the only Cistanche species
 

reported from the Indian subcontinent (Hooker, 1885, Sabnis,
 

1941). It parasitizes a wide variety of indigenous xerophytic
 

plants growing on sand dunes, sandy plains and river bed
 

terraces in arid and semi-arid zones of Rajasthan.
 

The present investigation, was undertaken to study some
 

of the ecological aspects, viz. host range, distribution and
 

phenology of this parasitic species in Western Rajasthan.
 

DESIGN OF FIELD STUDIES
 

Excursions were undertaken in the months of August,
 

October, January and March and the observations were recorded
 

for the years 1978 and 1979. The trips were arranged in such
 

a way as to cover most of the areas in Western Rajasthan, viz.
 

Bikaner, Phalodi, Pokaran, Jodhpur, Barmer, Jaisalmer, Ajmer,
 

Sikar and Churu. Host plants were recorded only after tracing
 
Specimens ofthe haustorial attachment region in the soil. 

C. tubulosa, with root attachment of the host intact, were
 

preserved and deposited in the Department of Botany, r ngar
 

College, Bikaner. The distribution pattern and the phenologi

cal characteristics of the parasite were recorded. 
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OBSERVATIONS AND DISCUSSION
 

A. Host range
 

A consolidated list of host plants of C. tubulosa based on the records available and the author's work is presented
in Table 1. The parasite has been recorded on 35 plant
species, belonging to 14 
families of flowering plants. In
Western Rajasth:n, it has been reported by the author to
 -ccur on 8 plant species (Table 2). Acacia Jacquemontii

-nth. had not previously been recorded as a host. 
It is
interesting to note that host species are all perennial
dicots with the exceptions of Paspalidium (Jafri, 1976) and
 some grasses (Gray, fide Nairne, 1976), 
which are monocots.
During the present survey the author has not found C. tubulosa
 on any monocot or any annual dicot plant species even though


such plants were growing close to the parasite which was
present in abundance on Salvadora oleoides Decne. and
S. persica Linn. along the boundaries of cultivated fields
 
on river bed terraces.
 

Table 1. A list of hosts of Cistanche tubulosa Wight.
 

Host plant 
 References
 

Acacia 
 Graham, 1957; Tiagi, 1952.

Acacia etbaica Scweinf 
 Sir G. Taylor, 1965*.

Acacia jacquemontii Benth Agrawal, 1980.

Aerva persica Merrill Satyanarayan, Saxena and Gaur,
 

1966; Agrawal, 1980.
Aerva pseudotomentosa 
 Qadir, 1965.
 
Blatt.and Hall.
 

Arthrocnemum indicum Moq. 
 Qadir, Ahmed and Qureshi, 1966.

Atriplex 
 Graham, 1957.
 
Atriplex helimus R. Br. 
 Sir G. Taylor, 1965*.
Atriplex stocksii Boiss. 
 Qadir, Ahmed and Qureshi, 1966.

Boerhaavia 
 Sir G. Taylor, 1965*.

Calotropis gigantia Br.? 
 Khan, 1961.
 
Calotropis procera R. Br. 
 Kashyap, 1936; Anvery, 1954;
 

Ghani, 1957; Hasanain and 
Rehman, 1957; Chaudhri and

Qadir, 1958; Gray (fide Nairne, 
1976); 
Sharma and Tiaai, 19791
 
Ratnam, 1978 (In lit.);
 
Aqrawal, 1980.Calligonum polvgonoides L. 
 Ghani, 1957; Khan, 1961; Aorawal,
 
1980.
Capparls decidua (17orsk) 
 Blatter and Hallberq, 1918-21;
Edgew (Or apphyla Roth). Khan, 1961; Yogi, 1970 (in lit).
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Table 1 - contd...
 

Host plant 


Capparis spinosa L. 

Commiphora sp. 

Haloxylon 

Lyclum 

Lycium barbarum L.? 

Mimosa hamata Wild ? 

Panderia pilosa 

Paspalidium sp. 

Pemphis 

Pemphia acidula Forest 

Retina 

Salsola 

Salvadora oleoides Decne 

Salvadora persica Linn. 

Suaeda fruticosa Forsk. 

Suaeda maritima D;mort ? 

Suaeda monoica Forsk 

Suaeda nudiflora Mog. 

Tamarix dioca Roxb. 

Tamarix nilotica ? 

Zyqophyllum album ? 


* Fide Qadir, et al. (1966). 
? Doubtful. 

References
 

Graham, 1957; Sir G. Taylor,1965*.
 
Graham, 1957.
 
Post, 1937; Tackholm, 1956.
 
Post, 1933; Tackholm, 1956,
 
Blatter and Hallberg, 1918-21.
 
Blatter and Hallberg, 1918-21.
 
Ghani, 1957.
 
Jafri, 1976.
 
Graham, 1957.
 
Sir G. Taylor, 1965*.
 
Post, 1933; Tackhom, 1956.
 
Kochar, 1958.
 
Khan, 1961; Agrawal, 1980.
 
Khan, 1961.
 
Kashyap, 1936.
 
Qadir, Ahmed and Qureshi, 1966.
 
Chaudhry and Qadir, 1958.
 
Chaudhry and Oadir, 1958.
 
Ahmed, 1961.
 
Graham, 1957.
 
Graham, 1957.
 

Table 2. Host range and distribution of C. tubulosa in
 
Western Ralasthan.
 

Locality 


BIKANER 


NAGAUR 


CHURU 


SRI GANGANAGAR 


JODHPUR - Banar 


Luni 


Phalodi (river 

bed terraces) 


Host
 

Calligonum polygonoides,
 
Calotropis procera and 
Aerva persica
 

Calotropis procera and
 
Calligonum polygonoides
 

Calotropis procera
 

Calotropis procera
 

Calotropis procera
 

Calotropis procera and
 
Acacia Jaccuemontii 

Calotropis procera and
 
Aerva persica
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Table 2 contd...
 

Locality 
 Host
 

JAISALMER 
 Salvadora oleoides, and
 
Calotropis procera

JALORE Salvadora oleoides and 
S. persica

BARMER Calotropis procera 
AJMER 
 Calotropis procera
 

SIKAR 
 Calotropis procera
 

B. Distribution 

The parasite is restricted to certain arid and semiarid zones of Africa and Asia. 
 There is no report from
comparable arid zones in America, Europe or Australia, InAfrica it beenhas reported from a narrow belt extending fromMorocco to Egypt along the Mediterranean coastal region, fromEthiopia in the north to Tanganyka in the south, thoughSocotra, Somalia and Kenya along the Eastern coast, and in
Senegal on Westernits coast. In Asia it is reported tooccur abundantly all over Arabia, Syria, Iraq and Iran in thewest, extending to Pakistan, the Western parts of India,Afganistan, and Turkmanistan in the east.
 

In Rajasthan, authorthe found this parasite in thearid and semi-arid regions of Jaisalmer, Barmer, Bikaner,Churu, Nagaur, Sikar, Ajmer, Jodhpur,
districts. The parasite was 

Pali and Jalore 
seen on sand dunes, sandy plains,
and on river bed terraces. It tended to grow profusely alongthe sides of roads, rail tracts, and near villages but was
less abundant in more remote places. 
It was observed to grow
closely around host plants and up to as far as 
the host roots
were likely to spread. The actively growing roots (secondary
and tertiary) seemed to be the most favourable for attachmentof the parasite, the latter being found rarely on the primary

roots.
 

As C. tubulosa occurs on a wide variety of hosts growingin various types of xeric habitats, it seems to be a fairlyversatile parasite. However, it has been found that it may
not necessarily grow on the same host in ecologically
different regions, e.g., 
it has been found to grow profusely
on xerophytic plants like Aerva persica Merrill, Calligonum
polygonoides Linn, and Calotropis procera R. Br., 
on sand
dunes and sandy plains in Bikaner, Barmer, Jaisalmer, Churu,
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Sikar, Sri Ganganagar, Jaipur and Nagaur but it may not 

attack all these hosts when present on river bed terraces
 

(reported to have saline soils) in Jalore and Sanchore
 

regions where it is restricted mainly to Salvadora oleoides
 

and S. persica (Table 2). This indicates that certain
 

ecological factors might determine whether C. tubulosa would
 

grow on a particular host in a particular region or not.
 

is required to determine the factors resoonsibleFurther work 

for such a behaviour of the parasite.
 

C. Phenoloqy
 

C. tubulosa is a scapigerous herb. It makes its
 

appearance in later winter months, particularly in December
 

and January, when the flowering axes (scapes) emerge from
 

the ground. The emergence of the scapes continues till about
 

By this time most of :the scapes come
the middle of February. 

to full bloom. The flowering scapes, being spikes, continue
 

to produce flowers in an acropetal succession for about 
a
 

month, and then by the end of March they winter. On Salvadora
 

species growing on river bed terraces the parasite makes 
its
 

appearance during August - September, and comes to bloom by 

the end of October and withers by the end of December.
 

horizon-
The subterranean portion of the parasite runs 

35 cm from its
tally as a rhizome for a short length of 2 
subterranean
haustorial attachment, then becomes erect as 


vertical axis and finally emerges from the soil as 
a flower

8 cm in
ing axis. The subterranean portion is about 2 

diameter. It is succulent and its fully turgid cells are
 

densely packed with starch grains of various shapes 
and
 

12, may arise from the
sizes. Several scapes, usually 2 -
All of them do not develop
same haustorial attachment. 


that while one scape
simultaneously but emerge one by one so 


may be in flower the others may be in various pre-flowering
 
The whole plant is covered with
phases of development. 


spirally arranged triangular scales which are 
densely crowded
 

in the aerial portion; in the subterranean portion scales
 
The scales may be either pale
are few and distantly placed. 


The scales of the aerial portion of the
yellow or lilac. 

stem bear flowering buds in their axils and behave 

as bracts.
 
7 cm in diameter.
- 74 cm long and 2 -The spikes are 12 


10 furrows, appear turgid
They are unbranched, usually have 
and become dry after seed-setting.
 

Each spike is densely covered by numerous flowers
 

(240 - 300). Development of flowers is in acropetal succe

ssion. Elongation of the spike ceases soon after 
the
 

region. A spike continues
formation of fruits in the h3sal 

fruit 
to elongate and produce flowers for about 8 - 10 days; 

formation and maturation requires about 5 - 8 days. The
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flowers may be pale-yellow or lilac in colour, irrespectiveof the host species parasitized. However, flowers of onlyone colour were noticed on the scapes arising from thehaustorial sameattachment. It was further noticedaerial as well as that thesubterranean stem axis was dull lilac if
the flowers were lilac, and pale if the flowers were pale
yellow. 
How the flower colour correlates with that of the
stem is under investigation by the author.
 

Being a total root parasite, C. tubulosa is dependent
for all its nutritional requirements on the host plant. It
could also depend upon the host for the supply of some hormones or their precursors for the initiation of its flowering.However, observations showed that the parasite floweredvariously before, simultaneously with or after the floweringof the host and no generalisation appears possible. 

Mature fruits (capsules) are dark grey in colour, 2 cm long and 1.0 - 41.5 They are ovoid, oblong,

an in diameter. 


laterally compressed and beaked. 
numerous (1000 Each capsule contains
- 5000) seeds which are dark grey in colour.
Capsules dehisced anterio-posteriorly along two furrows seen
on pericarp. After dissemination of seeds by wind the dryspike remains as a barren axis. 
 Seeds are small ( 1.25 mm
in diameter) but larger than those of Orobanche species,
subglobose and reticulately punctuated.
 

There was 
no obvious damaging effect of the parasite on
the host. 
This may partly be because of the short life span
of the parasite and partly because of the optimum growth and
development of the host during this period. 
However, it needs
experimental confirmation. 
The parasite seemed to wither
within 25  30 days of its appearance above the ground. 
The
aerial portion shrank and dried and the subterranean portion
was found to undergo degeneration, emitting a foul odour.
In the case of the parasite on Salvadora species in the
Jalore region, where it was possible to
attachment, it was 
trace the haustorial


t9und that the parasite did not disappear
completely, but was present in the form of a coralloid mass
of dormant adventitious buds attached to the host roots
1). (Fig.
This suggests t'iat the parasite could probably perennate
through these dormart buds, which could emerge and producescapes under favourable conditions. Although the host-parasite
attachnent regions could not be traced in theon later periodsAerva persica and Calliqonum polyqonoides on account of
their extensive root system in the sandy soils, yet the possibility of the existence of such a perennation mechanism
cannot be ruled out. 
This contention received some support
by the author's incidental observation of such coralloid
mass of adventitious buds on Calli onum polygonoides CFig.2).
This feature may be of special ecolonical significance as it
 

36
 



AB 

AAB
 

H0
0H H 0 

2& Coralloid masses of adventitious buds
Fig. 1 
(or branches).
 

Fig .1.Parasite on Salvadora oleoides X 1/5.
 

Fig. 2.Parasite on Callionu polyiqonoides X 1/6.
 

(AB, adventitious buds/branchess HR, host roots; 

RC, root cap; SHR, secondary host roots; THR, 
tertiary host roots). 
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indicates the probability of the establishment of the
perennial habit in the parasite. 
Rechinger (1964) has also
considered this 
as a perennial parasite. However, further
work is needed for establishing this aspect.
mass This coralloid
further appears to show the presence of a root cap on
one of its adventitious branches 
(Fig. 2) indicating that
some of them may behave as 
roots extending to other host
roots and producing secondary suckers. 
This contention is
supported by similar observations by Skene (1938) in

Orobanche.
 

C. tubulosa may exist in two different ecological
forms. This conjecture is based on the morphological
differences observed in coralloid masses as aforesaid, i.e.
the adventitious branches of the parasite on Calligonum
are cylindrical (Fig. 2) while those on Salvadora are almost
bulbous 
(Fig. 1). The difference in the time of emergence
and flowering of the parasite on these two hosts growing in
different habitats also supports this contention. Similarly,
Qadir et al. 
(1966) noted this difference in the emergence
and the tIme of flowering and stated that C. tubulosa in
N. Pakistan growing on halophytes flowered-in October toFebruary while in S. Pakistan on non-halophytes it flowered
in March to May indicating the probability of the existence
of: ecological races of this parasitic species. 
 Further study
is planned to investigate this problem.
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OROBANCHE RAMOSA IN THE UNITED STATES
 

R. E. EPLEE, United States Department Of Agriculture, Animal and Plant
Health Inspection Service--Plant Protection Quarantine, Whiteville,

North Carolina, U.S.A.
 

Orobanche ramosa L. is a holoparasitic weed which causes damage to
many import-hnt agricultural crops. 
Primary hosts are members of the
Solanaceae, Aiteraceae, Brassicaceae, and Fabaceace (Nusselman and Sand,
1982). 
 This species of Orobanche is considered a "noxious weed" in the
U.S.A. in that it 
was determined to be a threat to agronomically important
crops. 
 These conclusions were based on host specificity tests conducted
to determine crop susceptibility. 
Our research indicated that the Texas
strain of 0. ramosa can parasitize tomato (Lycopersicum esculentum L.),
tobacco (Ni'coTi-atabacum L.), 
sunflower (Helianthus annuus L.), bell
pepper (CjpiiiTm Trutescens L.), belibean (Vicia FaaL., and celery
(Apium g 
 eolens L.), (Cofin, Musselman, and Eplee, 1983).
usitatissimum L.) Flax (Linum
was found to be an excellent inducer of seed
germination, but did not function as a host. 
 From these studies we
concluded this newly found population of 0. ramosa to be of sufficient
economic importance to warrant the implementation of an eradication effort.
Therefore, the eradication program was 
initiated against this parasitic

noxious weed.
 

In 1928 0. ramosa was discovered in California on tomatoes where it
has remained a minor but recurring problem. 
This has been the only
infestation of 0. ramosa 
in the United States of agronomic importance.
February 1981, an infestation of 0. ramosa was discovered in Karnes 
In
 

County, South Central Texas growing on deciduous weeds along the
rights-of-way of the public highway (Musselman and Nixon, 1981). 
 This
Texas strain appears different in appearance from the California strain.
Even though this infestation was in a non-cropped area, the potential for
loss by crops susceptible to 0. ramosa justified the undertaking of
investigations to ascertain the agronomic importance of this Texas strain.
 

Regulatory procedures have been implemented to prevent further
dissemination of Orobanche from the infested area. 
An intensive survey
program will ensure that all 
areas of infestation are located. 
 The
infestation has been found to occur only on about 240 ha along some 80 Km
of highway rights-of-way. There are only a few sites where the
infestation occurs 
in cultivated fields. 
 We are fortunate that this
parasite has not yet been found in any cropping situation.
 

Some historical methods that have been used for control of Orobanche
in other infested areas include: 
 1. planting of trap crops before
commercial crops; 2. hand pulling; and 3. burying seeds deep into the soil
by plowing. 
These practices have proven only marginally effective and not
suited to our eradication effort for the Texas infestation (Wilhelm,
Sagen, Hall, Rosenberg, Nichols, and Schlocker, 1965). 
 More recent
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practices for control of Orobanche have included methyl 
broile fumigation
 

(Wilhelm, Benson, and Sagen:1958. This practice is very costly aa veil
 

This option could be employed later if
 as having limitations in its use. 

the situation warrants. 

conducted cursory testing of numerous herbicides 
for
 

In 1982, we 
 Of
 
preemergence and postemergence control of Orobanche 

in the Texas site. 


the herbicides tested glyphosate, MSHA, cacodylic 
acid, and CobraG were
 

This research

efficacious treatments in this non-crop situation. 


indicated that under the circumstances, glyphosate 
was found to be the
 

We chose
 
most efficacious treatment for the control of emerged 0. ramosa. 


on
 

Work by Schmitt, et.al. indicates Orobanche control

to use a treatment rate which is toxic but has sub-lethal 

effect 


non-target species. 

by the translocation of small doses of glyphosate 

to developing
 
We
 

undergroun( roots of Orobanche (Schmitt, SchIuter, and 
Boorsma, 1979). 


Fortunately,

presume some translocation of glyphoaate for our control. 


for us, we need not be as concerned with damage to 
the host as one would
 

in the situation where the parasite is attacking 
crops.
 

The successful use of ethylene gas in controlling 
Striga in the
 

United States led to investigating its potential for Orobanche control 

Encouraging results on the germination of o. 
(Eplee, 1975 and 1981). 


the University of California.
 ramosa by ethylene has been reported ',,y 


They (Chun, Wilhelm, and Sasen, 1979) reported that ethylene 
demonstrated
 

the ability to reduce seed populations in the soil. 
Our preliminary
 

We plan to
 
studies indicate no significant stimulation with 

ethylene. 


this subject through a cooperative program with Texas
 conduct research on 

A&H Universi ty. 

The program to eradicate this infestation of 0. ramosa 
was begun this
 

Our goal is to eradicate this infestation in 5 years. 
The program
 

year. 

will include suff-icient surveys to identify all sites of infestation. 

We
 

will enforce a strict regulatory program to insure that 
the infestation
 

not spread tc other areas. The population of Orobanche will be
does 
controlled using effective herbicides or other means 

to prevent seed
 

production. If necessary, spot flaming will be used 
to destroy any escape
 

plants that produce seed.
 

We are presently using a trap crop of flax to accelerate 
the demise
 

The seed population in the soil
 
of the population of seeds in the soil. This
 
will be determined and monitored by using a soil sampling 

procedure. 


to measure progress and determine when
 sampling process will permit us 


eradication has been achieved.
 

We plan to conduct an ongoing research effort to insure the 
success
 

We believe that in this case, containment and
 of this program. 

We are confident that we can
 eradication is the best control measure. 


eradicate this small infestation of 0. ramosa from 
the U.S.A. before it
 

has the opportunity to spread to other areas.
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THE DISTRIBUTION OF RHINANTHUS ANGUSTIFOLIUS IN RELATION TO HOST PLANT
 

SPECIES
 

Ella DE HULLU, Department of Plant Ecology, Biological Centre, University
 

of Groningen, P.O. Box 14, 9750 AA Haren (Gn), The Netherlands.
 

Abstract. In grasslands with different soil ferti"Ity the frequency and
 

size of Rhinanthus angustifollus differs. It was found that hosts from the
 

most fertile soils tend to give a higher Rh, angustifollus production than
 

those from less fertile soils. A, excepti are the Leguminosae. Host
 

quality seems to be related to the nitrogen and phosphorus content of the
 

host shoot, but host vitality Influences the production of Rh. angustifolius
 

as well. The hosts on which Rh. angustifolius performs best grow on the most 

fertile soils, but the highest population density Is in grasslands with 

lower soil fertility and less favourable hosts. This means that the 

performance of individual plants can be explained in terms of hosts, but
 

population numbers are subject to other restrictions.
 

INTRODUCT ION
 

Addition of major nutrients can lead to marked changes in the
 
1950; Vries and Kruljne, 1960;
composition of grasslands (Sonneveld et al., 


Increase of nutrients causes a gradual elimination
Thurston et al., 1976). 

of slow growing species in favour of a few highly competitive fast growing
 

species which are restricted to such sites.
 
In the brook valleys of the Drentsche Am (Northern Netherlands) these
 

different grassland types occur on peaty soils in close proximity
 

(Grootjans, 1980). Rhinanthus angustifolius C.C. Gmelin occurs in those
 

mainly mown for hay midsummer, with a second mowing or grazing later in the 

year. The vegetation types range from the very productive, species poor
 

Poo-Lolletum with high soil fertility, to the less productive, species rich
 

Lollo-Cynosuretui, Calthion and Juncetum-acutiflori grasslands with low
 

soil fertility. The vegetation structure and microclimate differ with the
 

species composition (de Hullu, 1984, in prep.). The frequency and the size 

of Rh. anpustifollus vary considerably in the different grassland types. 

In the Poo-Lolletum grasslands Rh. angustifollus occurs with a dansity 

of 30 - 120 m-1 and wlth very big plants with up to 150 capsules per plant. 
In the Lolio-Cynosuretum/Calthion grasslands Rh. angustifolius occurs with
 

a density of 300 - 500 plants in-2 , the plants are much smaltsr, with up to 

40 capsules per plant. In the Juncetum-acutiflori g'assland the density is
 

and the plants are also rather small, with up to 50 capsules per
30-120 M-2 


plant.
 
This paper aims to analyse If the species composition of a grassland
 

can Influence the frequency and production per surface area of Rh. 
angustifolius, and tries to describe host quality In terms of nTtrogen,
 
phosphorus and potassium.
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METHODS AND MATERIALS
 

Field situation
 

On the most fertile soils (N-indicator value 5-7) the Poo-Lolletum
association is dominated by Lollum 
erenne, Agrostis stolon
,eniculatus AurusPopratensis, B-runs tcreuuTrr e tFeuratenseand 
 . .anso a nTr , ,.nculus repens,o umren Festucathio -,oou T,s -- average capsu e prouctlon of Rh.e 
 -On t e soils of 
.3/plant (95% confidence interval*t 124.4).Intermediate fertility (N-indicator value 4-5) the Lollonosuretum association is dominated by Anthoxanthum odoratum, C
cristatus, Holcus lanatus, Festuca ruba
M MuU?1e, ' Lsychs oU-cu-u Cotbra, T cepTimc Is.The averaa - -  ... u Su..E s a cespTit-sa, E u setumrepens and
capsu eproduction of Rh. angustifollus
inthisfejj -7.l/plant (95% confidence Interval th
fertile soils (N-indicator value 3-5) the LoloCynosuretum/ Juncetum
acutiflori association 


odoratum, Holcus lan-tus, 
Is 

. 
da,inated by Juncus acutiflorus, Anthoxanthum
 

pJsustre. The average capsu. 
igra, 


r-S. -

Za~~~ steTea leqfod-.uction, 

ja Lotus 
or R. 

uli Inosus and-E " 
iolsIn-~
-- q
Is 14.0 an a nd i e illdplant (95% confidence Interval t 16.3).
 

EXPERIMENT I
 
This experiment aimed to analyse the quality of a number of hosts inthese grasslands. The 18 host species were chosen because they had a high
cover percentage In the vegetation, or a high (6-7), medium (4-5) or low
(2-3) Indicator value for nitrogen (Ellenberg, 1974). Three legumes were
Included, because species of this family are often considered good
for hemi-parisites (ter Borg and Bastiaans, 1973). 

hoss
 
The species are divided into three groups.
- Group I (characteristic of nutrient rich soils): Bromushordeaceus,
 

Trifollum re ns, A~oAIopurus rens, ._ re h. s ordiMusecurusaenculatus, Carex 
rta, LoliumperenneA-sr epraens.

Group II (less nutrient rich): LYchrnis flos-cuculi, Descha
cespitosa, Anthoxanthum odoratm, Lotusu1iginosus, Festuca rubra,
Cynosurus cristatus.
 

sla
 

- Group iII (the 
 least nutrient rich): Festuca ovina, Trifolium dublum,
Carex hostlana, Carex nigra and Danthonia decuThe hosts were grow bens.'from seed except the Carex species, which weregrown from tillers. All were grown Inthe
solution. (10 ppm NH 
reenhus+(August)


- on a nutrient
N, 173 ppm K, 115 ppm Ca
ppm NO -N, 23ppmPo . 31 ppm Mg2, 102-P, 84 ppm ;O 
 -n3sL.reservoirs ald continuously aerated, 
 covered with a 

grown S, pH 6). The plants were
 

plasticplate ineach of which 9 perforated (upper 0 6.5 cm) plastic pots wertInserted. These small pots were filled with rock-wool and planted withyoung host plants. After three weeks germinated seeds of Rh.
anustifolius
were planted. The nutrient solution was replaced each week. At harvest the
number of capsules of Rh.an ustifolius was counted and the above ground
dry matter of host and' paras weighed.
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Results
 

The dry matter production of Rh. angustifolius strongly depends on the
 

host species (Fig. 1). Production is highest with Bromus hordeaceus and
 

Trifolium dubium, lowest with Carex hostiana and Danthonla decumbens.
 

-- 2 - o 

0.S
 

05
 

Olo
 

01 k 

I II III
 

Fig. 1.
 
The dry weight production of Rh. angustifolius (mg), when grown with
 

different hosts after 11 weeks. The hosts are selected from very
 
fertile, intermediate and less fertile grasslands. Respectively
 
I, II and III. 95% confidence Interval is Indicated.
 

The differences are considerable. Overall the hosts from the most
 

fertile grasslands give the highest production of Rh. angustifolius. Between
 
species within one group considerable differences do occur, especially in
 
groups II and III. Rh. angustifolius with Lotus uliglnosus and Trifolium
 
dubium gives a very high production, while Carex hostiana and Danthonia
 

decumbens result in a very low production.
 
There is a linear correlation of capsule production with dry weight at
 

R - 0.76, and thus provides a measure of plant productivity. inthe field 
also capsule production of Rh. angustifolius is higher in Poo'-Lolietura than
 

in Lol io-Cynosuretum.
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EXPERIMENT II
 

An experiment was performed to analyse if host quality could be
related to the nitrogen, phosphorus and potassium content of the host
shoots. The shoot was chosen, because this is probably a measure for
physiological activity of the ions. Most species in this experiment are the
same as in Experiment I, and they were chosen with the 
same criteria.
-
Group I: Lolium perenne, Alopecurus geniculatus, Trifolium repens,

Carex hirta.
 
- Group I1: Anthoxanthum odoratum, Festuca rubra, Lychnis flos-cuculi,

Lotus uliginosus.
 
-
Group IlI: Carex nigra, Carex hostiana, Danthonia decumbens and Festuca
 
ovina, Trifolium dubium.
 

These species were planted in pots (upper 0 12 cm) with I part
fertilized peat potting soil 
and 2 parts coarse sand; after 3 weeks
germinated Rh. angustifollus seeds were planted. The pots were watered
daily with demineralized water. The shoots were harvested after 11 
weeks
and weighed oven-dry. Hosts and parasite were pooled in two batches of 5
pots to be analyzed for total 
nitrogen concentration by the Kjeldahl method
(Wieniger, 1936), 
for total phosphorus concentration by a colorimetric
molybdate method (Murphey and Riley, 1962) and for potassium with flame
 
absorption photometry.
 

Results
 

Rh. angustifolius tends to have a higher dry weight production with
an 
increased nitrogen (Fig. 2A) and phosphorus (Fig. 2B) content of the
host shoot. Leguminosae clearly form a special case with high nitrogen
content and generally higher phosphorus content. The dry weight production
of Rh. angustifolLis shows no correlation with the potassium content of the
host shoot TFig. 2C).
 

EXPERIMENT III
 

The production of Rh. angustifolius seems 
to be correlated with the
nitrogen and phosphorus-content of the host shoot 
(Fig. 2A, B). An
experiment was designed to test this in
a field situation. Ina Lolio-
Cynosuretum vegetation with a relatively nutrient poor soil, 
 4 random
plots of 0 x 80 cm were fertilized in spring with nitrate (200 kg/ha),
phosphate (100 kg/ha) and potassium (100 kg/ha). This should result 
in a
higher nutrient content of the plants (Fitter and Hay, 1982). 
In July plants
were harvested from these plots and from 4 control plots. By than the
composition of the fertilized plots was still similar to that of the control
 
plots.
 

Results
 

The capsule production per plant 
increased significantly from 11 
±4.5
p~r plant 
to 27 ± 28.5 per plant (± s.d.) when the field was fertilized.However, the standard deviation widened markedly as well. This means that
not all Rh. angustifolius plants show the same reaction.
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The relation between the nitrogen (A), phosphorus (B) and potassium
 

(C) content of the host (meq./plant) and the dry weight production
 

(g) of Rh. angustifolius.
 
Al.g = Alopecurus geniculatus, An.o = Anthoxanthum odoratuin,
 

Ca.h = Carex hirta, Ca.ho = Carx hostiana, Ca.n = Carex nigra,
 
- FestucaDa.d = Danthonia decumbens, Fe.o = Festuca ovina, Fe.r 

rubra, Lo.u = Lotus uliginosus, Ly.f = Lychnis flos-cucull, 

Tr.d = Trifolium dubium, Tr.r = Trifolium repens.
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Fertilizer application changes the vegetation structure considerably.
Most plants produce more biomass, and therefore the light regime 2nd
microclimate changes. Some Rh. angustifolius plants seem unable to adapt..
 

EXPERIMENT IV
 

The fertilizer experiment 
in the field showed that the production of
Rh. angustifollus could be different despite an unchanged species

composition.


To test the influence of the vitality of the host plant on 
the
production of Rh. angustifollus an experiment was designed with Lolium
2erenne. L. 
 perenne seedlin
fertiliT d peat were grown in a pot (0 12 cm) with- 1 part
and 4 parts perlite. 
 After 1 month 4 germinated
Rh. angustifollus seeds were planted, and the pots were treated yariouslyin order to get a different nutrient regime to affect the vitality.The applied nutrient solutions were Hoagland & Spencer 0.5 and 1.0normal strength, 
0.5 and 1.0 normal 
strength without nitrogen, 0.5 and
1.0 normal strength without phosphate, and 0.5 and 1.0 normal 
strength
without potassium, and demineralized water throughout.
Every nutrient sere had 10 replicates. After 10 weeks Rh.angustifolius
and L.perenne were harvested and shoot dry matter production was measured.
 

Results
 

In the 1.0 normal strength Hoagland series complete, the production
of L.perenne is higher, but that of Rh 
 an ustifoliuis lower than in the
0.5 normal strength Hoagland series (Fig. 3) except in the nitrogen
deficient solution, where the production of both Rh. angustifolius and L.
perenne is very low. Production was also low with-demineralized water.
 

dryweight of Rh.(g) 

1B
 

0.4 + 
.2 4 6 

dryweight L. perenne (g) 

Fig. 3. The relation between the dry weight production of Loliumperenne (g) and Rh. angustifolius (g) when grown under different
nutrient regimes. 951 confidenceintervals 
are indicated. 0 open
symbols indicate grown on 0.5 normal strength Hoagland, 
 0 solid
symbols Indicate grown in 1.0 normal strength Hoagland, 0 complete
Hoagland solution, 0 P-deficient Hoagland solution, 
V K-deficientHoagland solution, A N-deficient Hoagland solution,

* demine-alized water.
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The experiment shows that not only the host species, but also the
 
nutrient and growth condition of the host influence the production of Rh.
 
angustifolius . Very vigorously growing hosts are less sensitive to an
 
attack by Rh. angustifolius than less vigorously growing hosts, in which is
 

no shortage of nutrients. This deminished production of L. perenne is not
 
likely to be due the effect of the parasite as is known tFit under these
 
circumstances Rhinanthus does not affect the host (Weber, 1976). However
 
when there is a shortage of the nutrients K, P, and especially N, the dry
 
weight production of Rh. angustifolius deminishes considerably.
 

DISCUSSION
 

Host quality in relation to size of Rhinanthus angustifolius
 

It is generally observed (Tsivion, 1978; Klaren, 1975 j Klaren and
 
Jansen, 1978; Lamont and Southall, 1982) that after attachment both growth
 
rate and nutrient status increase in hemi-parasites. Weber (1976) shows
 
that with some host species no haustorial formation takes place. But when
 
haustoria formation does take place not all hosts can be exploited to the
 
same extent. Host specificity is unknown for many hemi-parasites, most are
 
able to attack a relatively wide range of species (Yeo, 1964; ter Borg,1972;
 
Parker and Reid, 1979; Snogerup, 1982). Differences in host quality are
 
known for Euphrasia (Yeo, 1964), Odontites (Snogerup, 1982), Orthocarpus
 
(Atsatt and Stronig, 1970), Striga (Wilson Jones, 1955) and Rhinanthus
 
(ter Borg, 1972; ter Borg and Bastlaans, 1973). In the group of good hosts
 
for Rh. angustifolius (ter Borg, 1972; Campion-Bourget, 1982) considerable
 
dif~erences in quality are exhibited as experiment I shows. However, these
 
results must be treated with care, because host quality is not a constant
 
factor. Genetic adaptation is suggested both for host (Snogerup, 1982) and
 
parasite (Wilson Jones, 1955). Experiment IV sho-.s that host vitality can
 
be an important factor.
 

Most of the above mentioned authors pay special attention to the
 

Leguminosae. In general they are considered to be very good hosts, but
 
there are a number of exceptions (Snogerup, 1982). Ter Borg and Bastiaans
 
(1973) show that Trifolium repens performs very well for Rh. angustifolius
 
and also Trifolium dubium, Trifolium repens, Lotus uliginosus are very
 
well-suited (Experiment I).
 

The best non-Leguininosae hosts for Rh. angustifolius occur in group I
 

(Experiment I). These are species which grow on fertile soils. This
 
phenomenon and the fact that Leguminosae fix nitrogen and the uptake of
 
nitrogen can stimulate the uptake of phosphate directly support the
 
suposition that increased nitrogen and phosphorus content results in
 
increased Rh. angustifolius production (Figs 2A,B). However, this is not
 
a simple relationship; obviously there are other factors in the host that
 
affect the quality (Figs. 2A, B).
 

When the host grows vigorously (is very competitive) the production
 
of Rh. angustifolius decreases again (Fig. 3). Ter Borg (1972) stated that
 
fast growing annuals are not good hosts for Rhinanthus due to their high
 
competitive ability, and Atsatt and Strong (1970) stated that the best
 
hosts were those susceptible to over-parasiting, which means that they have
 
a low competitive ability. The competitive ability of host seems to be an
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important part of its quality.
The observed differences in the measured parameters within the
experiments are big (e.g. Fig. 1). 
This variation is mentioned in nearly all
work with hemi-parasites. Wilson Junes (1955) and 
Atsatt and Strong (1970)
suggest that the basis for this variation is genetically based. Selection
is not likely to be an explanation for these experiments. Seeds were
selected from the species rich haylands and the chance that a Rh.
angustifolius plant parasitizes the same host species in successive years

is small.
 

Host quality in relation with population density of Rh. anustifolius
 

In the species poor,nutrient rich grasslands, the density of Rh.
angustifolius is fairly low (30-120 m-2) and the seed production per plant
very high. Some species from these grasslands (group I) show a very high
production of Rh. angustifoliu
 s and therefore a high seed production. This
means 
that the growth conditions for Rh. angustifolius must be very
favourable. However, the highest Rh. anustifolius densities (300 m-2) 
occur
in the species-rich less nutrient-rich grasslands, 
in which the species are
less good hosts 
(group ii) and give a moderate amount of seeds per plant.
This results in a comparable seed production m-2 in these grassland types

(de Hullu, in prep.).


The nutritional condition of the soil 
is less good than in group I.
This means presumably that other factors restrict the density of Rh.
angustifol'us in the most fertile grasslands. The factor that limits the
density 
is obviously not the seed production, because it is not 
likely that
under natural conditions the hosts are so vigorous (Experiment IV) that this
limits the production of Rh. angustifollus. The limiting factor for
establishment and development of hemi-parasites 
is possibly the structure
(de Hullu, 1984) or 
light and microclimate (Yeo, 1964; Heinricher, 1910;
de Hullu, in prep.) 
and partly probably the nutrient conditions of the soil.
In the less fertile grasslands the structure is
more open and heterogeneous,
because of the species richness. In these grasslands the structure is
more
suitable for Rh. angustifolius growth and development.
Cynosuretum / Juncetum acutiflori vegetation the soil 
In the Lolio
 
is nutrient-poor, the
structure is rather open. In this vegetation type a combination of the
nutrient conditions of the so;] 
and host quality is probably limiting,
and results in 
a low density of Rh. 
anustifolius.
Rh. angustifolius shows here that the maximum biomass production per
plant does not 
reaches its maximum density per unit area 
in the same
grassland type. This agrees with the conclusions of Mizianty (1975), who
also finds the highest population density of Rh. angustifol'us in the
species-rich vegetation types and not 
in the very productive grasslands
where the few Rhinanthus plants are biggest.
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SOME TAXONOMIC PROBLEMS IN THE GENUS S RIGA WITH PARTICULAt REFERENCE TO 
APR I CA 
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Norfolk, Virginia 23508, USA.
 

Abstract. Four species are briefly discussed relative to variation and
 
possible relationships to other species. Striga gesnerioides (Willd.)
 
Vatke has four well defined, host specific races - one each on Euphorbia,
 
Qbnvolvulaceae, cowpea, and tobacco. S. asiatica (L.) Kuntze and S.
 
elegans Benth differ mainly in the size of the corolla and some specimens
 
appear to be intermediate. S. euphrasioides (Vahi) Benth. is very
 
similar to S. masuria Benth., a species of East Asia. S. passargei Engl.
 
is a variable, ill defined species which shows some similarities to the
 
Indian S. densiflora Benth.
 

INTRODUCTION
 

The genus Striga Lourierio comprises perhaps 30 species of which about
 
23 occur in Africa. Strlga species are characterized by a preference for
 
open grasslands in semi-arid regions. All species that have been examined
 
are parasites and it is safe to assume that this behavior is found
 
throughout the genus. Morphologically, the genus is separated from
 
others in the subfamily Rhinanthoideae by the unilocular anthers and
 
bilabiate corollas with a pronounced bend in the corolla tube. Striga is
 
related to Buchnera which has an almost radially symmetrical corolla and
 
lacks a bend in the tube.
 

Despite the great economic impact of several species on some of the
 
most important food crops in Africa, little attention has been paid to the
 
systematics of the genus as a whole, especially to the relationship among
 
species. For this reason I am discussing four species which appear to have
 
closely related counterparts or) in the case of S. Resnerioides, to have
 
well developed strains.
 

METHODS AND MATERIALS
 

Field work in Africa was conducted in Upper Volta, Nigeria and Senegal
 
during the past ten years with the majority in Sudan. For herbarium studies
 
I have examined material, including type specimens, at Zurich (Z), Paris
 
(P), Kew (K), British Museum (BM), Edinburgh (E)as well as the smaller
 
herbaria of the Weed Research Organization (WRO), University of Khartoum
 
(KHU), Gezira Research Station (WM), Forestry Research Centre, Khartoum
 
(KHF), and Old Dominion University (ODU).
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RESULTS AND DISCUSSION
 

Infrageneric classification
 

To date, the only infrageneric classification is that of Wettstein
(1893) who erected two sections based on the number of ribs in the calyx.
Section Pentapleureae Wettstein has five ribs and each rib terminates a
calyx lobe. 
 In Seccion Polypleureae Wettstein, the calyces have ten or
more ribs, the alternate ribs terminating at the sinus of the calyx tube or
sometimes, in species with 15 ribs, with three ribs terminating a lobe.
 

How much these sections reflect true relationships within the genus is
unclear. 
The number of ribs may vary even on
it is not unusual to 
the same plant. For example,
find a calyx of S. asiatica (Section Poiypleureae)
with 11 ribs on a inflorescence branch where most have 
ten. However, any
species of Striga clearly fits unequivocally into one or the other sections.
 

Species groups
 

1. 
Striga Oesnerioides (Willd.) Vatke
 

This is a very distinctive species characterized by scale-like leaves,
pubescent corolla, and a large primary haustorium. 
It is found throughout
Africa where four distinct races or morphotypes may be found.
discussed below. These are
Unlike Saldanha (1963) I do not ascribe any formal
taxonomic status to these races, at least until further work is carried out.
 
a. Euphorbia strain. 
 This is found in Northwest Africa, the Red
Sea Hills of Egypt, Sudan and Yemen (and Ethiopia?) and is also
reported from India. 
 It parasitizes succulent species of Euphorbia
and is distinguished by the caullne branching, dark purpie flowers,
dark red stems, and large (up to 3.5 cm wide) single primary hausLorium.
The haustorium often perennates, making this the only perennial strain
in the species complex.
 

b. Obnvolvulaceae strain. 
This is widespread throughout the Sahel.
Frequent hosts include species of Ipomoea, Meremmia, and Jacquemontial
This strain usually has pinkish blue flowers and may be either sparsely
or profusely branched. 
Most frequently it 
is found on Convolvulaceae
but also possesses the ability to attack legumes. 
 For example, in the
 
or iacquemontia tanmifolia and only very rarely Indigofera nummularli-


South Kordofan region of Sudan, the usual host is Meremmia emarginata

folia (a legume). 
 This host selection phenomenon was reported earlier
by Musselman and Parker 
(1981) working with a strain of S. gesnerioides
introduced into the United States and should be considered when
introducing legume crops in areas where this strain is present.
 

c. 
 (bwpea strain. 

not 

This is the best known of all the strains but is
always easily distinguished from the above. 
 It has much branched
stems and bluish flowers.
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d. Tobacco strain. Known only from Zimbabwe and South Africa, this
 

strain has unbranched stems and plicate petals.
 

Earlier work (Musselman and Parker, 1981) had shown strains b, c, and d
 

to be host specific. The Cbnvolvulaceae strain was also grown at the
 

University of Khartoum on Heremmia emarginata but failed to grow on any
 

other host including tobacco, cowpea, and Euphorbia. It has not yet been
 

possible to germinate seed of the Euphorbia strain. All of these strains
 

are autogamous.
 

2. Striga asictica (L.) Kuntze
 

Striga asiatica is the most widely distributed Striga species in the
 

world being found throughout much of Africa, Southwest Prabia, India,
 
Burma, China, New Guinea, the Philippines, Indonesia, and perhaps Australia.
 
Striga elegans Benth., on the other hand, is restricted to East and South
 
tfrica. The main distinction between the two is the size of the corolla,
 
those of S. elegans are up to ca. 2 cm across, those of S. asiatica seldom
 
more than 1 cm wide. As Hepper (personal communication) had noted, the
 
flowers of S. elegans persist for more than one day while those of S.
 

asiatica last only one day. The brilliant display of the inflorescence in
 
S. elegans naturally suggests a role for a pollinator and it would not be
 
surprising to find a group of insects that visit the flowers, perhaps
 
similar to that of S. hermonthica which is pollinated by bee flies (Diptera)
 

and moths and butterflies (Lepidoptera). Earlier work (Nickrent and
 
Musselman 1979) has shown S. asiatica to be autogamous so it would be
 
interesting to study the floral biology of S. elegans. Is S. asiatica an
 
autogamous offshoot of S. elegans?
 

3. Striga euphrasioides Denth.
 

This is one of a group fo Striga species that has 15 calyx ribs. In S.
 
euphrasioides the ribs are very prominent. S. euphrasioides is mainly
 
Indian in distribution and is otherwise found only in a small area of East
 
Pfrica. Striga masuria Benth., on the other hand, is found in western
 
China, Indonesia, and New Guinea. In Asia the two species are geographic
ally separated by a relatively small distance and are sympatric in
 
Indonesia. The discovery of S. euphrasioides in the Dhofar region of Oman
 
provides a "bridge" between the Indian and African populations. These
 
similarities in morphology and distribution invite questions as to the
 
relationship between the two species.
 

Bentham (1835) noted that the chief difference between S. euphrasioides
 
and S. masuria was the much larger corolla of the latter. However, I have
 
examrined specimens of both species from throughout their range and find
 
considerable variation in plane and corolla size. This does not seem
 
surprising as S. euphrasioides is known to be capable of germinating without
 
a host stimulant. It thus has the potential of being a faculative parasite.
 
Such parasites are characterized by considerable variation in vigor
 
including corolla size. Further work is needed to determine the source of
 
variation within these two species and to elucidate the significance of
 
their obvious similarities.
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There remains considerable confusion over the correct name for the
plant we are discussing as S. euphrasioides. Saldanha (1963) has shown that
the type specimen of Buchne-a euphrasioides Vahl is not the same plant as
that generally known as S. euphrasioides and proposed the name S. augustifolia. 
I have examined photographs of the type and agree that the specimen
of Vahl is not S. euphrasioides. 
However, there is still some confusion
over the name which should be based on Vahl's specimen. Until this is
resolved, I am retaining the name S. euphrasioides Benth. while acknowleding the problem of typification.
 

4. Striga passargei Engl.
 

Essentially African in distribution with a few collections from the
Southwest Arabian penninsula, S. passargei is a variable and poorly
circumscribed species. 
Like all Striga species, the size of the individual
plants varies considerably but most striking is the variat: n in corolla
color which may be yellow, cream, white, pink or white with a pink center.
It is often confused with S. aspera which has, however, a more racemose
inflorescence and short floral bracts while S. passargei has axillary
flowers and very long bracts which greatly exceed the leaves. 
Most variable
however, is the size of the corolla, especially the width of the limb. 
In
some specimens, the limb measures 3 mm across while in others it is scarcely
1.5 mm. 
Rather than S. aspera, I find the Indian specLes S. densiflora
Benth. difficult to separate from S. passargei. Ipparently the chief
difference is in the somewhat shorter floral bracts of S. densiflora.
 

Further work
 

Obviously, considerable effort is necessary to clarify relationships
within the genus Stria. The information presented here is only a
necessary first step of identifying some of the problems. 
 Systematic
studies in the genus would be facilitated by additional herbarium specimens
from the range of the species. 
 This is often difficult, however, as the
phenology of Stri a species is highly seasonal so that unless a special
effort is made in collecting, the flowering season is easily missed. 
The
obligate parasitism is only a small hindrance to the growth of the parasites
as attempts to grow 
species on suitable hosts is generally successful.
Such a procedure is necessary for the crosses which will be helpful in
elucidating relationships.
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PHYSIOLOGICAL SPECIALIZATION OF STRIGA HERMONTHICA AND CROP SPECIFICITY
 

K.V. RAMAIAH, ICRI T/UNDP, B.P. 4881, Ouagadougou, Upper Volta.
 

Abstract Six samples of Strig 
hermonthica (Del.) 
Benth. from sorghum and

eight from millet (Pennisetum americanum (L.) K. Schum) were 
tested against

two susceptible cultivars each of sorghum and millet in 1981 and 1982 pot

experiments to present evidence for crop specificity. The Striga seed

samples were collected from latitudes ranging from 10042'N to 13029'N
 
and thus represent a narrow geographical distribution of Striga hermonthica.
 
The results indicate that sorghum cultivars were able to germi ate and
 
support Striga from both sorghum and millet hosts whereas millets could
 
only support Striga from millet. However, in certain regions both the
 
crops were attacked by both types of Striga. Extreme host specificity was
 
not exhibited by the Striga samples included in the present investigation.

They represent intermediate forms which were able to attack sorghum more
 
than millet since sorghum is more extensively grown in the region under
 
study. In areas where millet Striga samples were collected they attacked
 
millet but also retained the capacity to attack sorghums. It is suggested

that specialization is 
the outcome of the intensity with which a particu
lar host crop is grown at the exclusion of the other thus creating a
 
reproductive isolation between sorghum and millet Stria £trains.
 

INTRODUCTION
 

Striga hermonthica (Del.) 
Benth. is wide-spread in the semi-arid
 
zones of northern tropical Africa from 50S to 20*N latitude. From East
 
to West it is distributed across 
the width of Africa. It attacks several

food crops like sorghum, millets, maize, upland rice, sugarcane, and also
 
several wild grasses in fallow lands and field bunds. This particular

species of Strig is cross pollinating and thus able to generate genetic

variability for its pathogenicity. Inspite of genetic variability no
 
morphological differences have been reported in this species even 
though

different morphophyes exist in Striga asiatica (L.)Kuntze a self polli
nating species (Ramaiah etal 1983). Different forms of Strig 
hermonthica
 
have not become fixed and maintained because of continuous cross pollina
tion and exchange of genes within the Striga population. However, several
 
detailed investigations including laboratory and field experiments by

Wilson Jones (1955) and Bebawi (1981) in the Sudan, by King and Zummo (1977)

and Ramaiah 
(1983) in West Africa and by laboratory experiments of differ
ent samples from Africa (Parker and Reid 1979) have established that
 
there are atleast two biotypes in Striga hermontnica, one specific to

millet (Pennisetum americanum (L.) 
 K. Schum) in the relatively drier and
 
low rainfall zones where millet is the major cereal and another biotype

specific to sorghum in 
areas where sorghum is the predominant crop grown.
The crop specificity of these extreme forms is reported to be based on
 
different germination stimulant requirements (Parker and Reid, 1979) in
 
contrast to 
the report by Wilson Jones (1955) that specificity is due to
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factors that operate after germination. Our own field observations and
 

pot experiments in West Africa (ICRISAT 1980) confirmed that this physio

logical specialization is true when one considers the extreme Stiga
 

samples particularly those collected from millet host, those from Maradi
 

in Niger and Bambey in Senegal which represent extreme drier zones where
 

sorghum is almost absent. But there are regions is West Africa where both
 

sorghum and millet act as hosts (Ramaiah, 1983). A preliminary report
 

of the variability in pathogenicity in relation to host crops and
 

geographical distribution reveale!d that this species varies from North
 

to South but very little from East to West (Ramaiah, 1983). At Maradi,
 

Niger and Bambey, Senegal which are North of latitude 13
0N Pennigetu
 

millet is the predominant host whereas in Kamboinse Upper Volta, Kobo,
 

Ethiopia, Abu Naama and Wad Medani, Sudan, and Busia, Kenya sorghum is
 

the principal host. Strig was found to be attacking both sorghum and
 

millet crops in such locations as Farako-B&, Upper Volta and Mintimbougou, 

Mali where both the crops ar row . Host specificity has been previously 
andreported (Wilson Jones, 195.129o, 1977., Parker and Reid, 1979., 


Bebawi, 1981). The present study, limited to latitudes ranging from
 

100421N in Upper Volta includes samples of Striga collected from sorghum
 

and millet in the same latitude zone for detailed crop specificity
 

studies.
 

MATERIALS 1'ND METHODS
 

1981:
 

Seven Striga seed samples collected in different rainfall zones of
 

Upper Volta from'pure millet fields and three from pure sorghum fields
 

were tested against two susceptible cultivars of sorghum (CK60B and
 

IS9289) and two susceptible cultivars ofmillet (ICH241 and ICH7819) in a
 

split plot design with four replications. The details are given in
 

Table 1.
 

1982:
 

Eigi-ht Striga samples, four from sorghum and four from millet, were
 

tested against two susceptible cultivars of sorghum (CK60B and BTx623)
 

and two susceptible cultivars of millet (Ex-Bornu and ICH241) in a split
 

plot design with six replications. The details are given in Table 1.
 

Strig seeds of the same source could not be used in both years 

because of the shortage of seeds. As seen from the table the samples
 

used in both the years are from about the same latitude zones. In both
 

years split plot design was used with the cultivars as main plots and
 

Striga as sub plots. The experiments were carried out in 5 kg pots in
 

the rainy seasons of each year. Soil, sand, and farmyard manure were
 

used in the proportion of 50:25:25. by volume. Approximately 6,500 Striga
 

seeds per pot were mixed in the top 5 cm soil before sowing the host
 

crop seeds. Four to five seeds of host crop were sown in each pot at a
 

depth of 3-4 cm and thinned to one plant later. Additional fertilizer
 

was not used. Pots were irrigated as required.
 

59
 



Table 1
 

Details of Striga hermonthica seed samples used
 
in the experiments
 

Striga Location 
 Latitude 
 Host Year of 
 Year of
code (Upper Volta) 
 (approximate) 
 crop collection 
extpt.
 

STS-25 
 Banfora 
 10042'N Sorghum 1981 
 1982
STS- 7 Zandkom 
 13008'N 
 " 
 1979 1982, 1981
STS-17 Tangaye 
 12010'N " 1979 1982
STS-13 Djibasso 
 13007'N 
 " 1979 1982STS-14 
 Fada N'Gourma 
 12002'N 
 " 1979 1981STS-16 
 Kamboins6 
 12028'N 
 " 1979 1981
STP-21 
 Banfora 
 10042'N Millet 1981 1982
STP-1O 
 Korsimoro 
 12049'N 
 " 1979 1982STP-15 Tangaye 
 12010'N 
 1980 1982
STP-12 Djibasso 
 13007'N 
 " 1979 1982STP- 4 Zitango 
 110081N 
 1979 1981
STP-11 
 Roumassi 
 13006'N 
 " 1979 1981
STP- 8 Koupela 
 12011'N 
 " 1979 1981STP- 1 Ouahigouya 
 130291N 
 " 1979 1981 

Counts of emerged Striga were made from the date of first emergence at intervals of two weeks. The maximum emergence was 64 and 70 days
after sowing in 1981 and 1982 respectively. The data were transformed
using log (X+1.1) transformation and analysed. In each trial analysis
was carried out separately for millet and sorghum Striga.
 

RESULTS
 

1981 Striga from millet:
 

c.l uti 
presented in Table 2 indicate no significant differences
among the/varieties though sorghum cultivars supported more Striga
than millet cultivars. The differences among Striga samples and the
interaction between Striga and cultivars 
were highly significant. The
emergence of STP-4 and STP-8 Striga samples was highest and lowest
respectively. STP-11 and STP-1 were intermediate and not significantly
different from each other. STP-4 and STP-1 did not interact significantly with the host crops whereas STP-11 and STP-8 interacted significantly. STP-8 attacked sorghum more than millet whereas STP-11 did
 not show any specificity to the crops.
 

1981 Striga from sorghum:
 

The results presented in Table 3 show significant differences
 
between cultivars, between Striga samples and for the interaction
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Table 2
 

Effect of crop culti-ars on emergence of S. hermonthica origi

nating from millet host (1981): Striga emergence per pot 64 days
 

after sowing (log X+1.1)
 

c 
Striga cultivar
 

meana
STP-4 STP-11 STP-8 STP-1

Cultivars 


0.89 1.151
CK60B (Sorghum) 1.46 1.23 1.02 

0.54 0.99 0.850
IS 9289 (Sorghum) 1.08 0.79 


0.742
ICH241 (Millet) 1.06 0.78 0.11 1.02 

0.78 0.809


ICMV7819 (Millet) 1.16 1.00 0.30 


1193 0.950 0.493 0.920
Striga meanb 


a = LSD (5%) for cultivars = 0.342
 

b = LSD (5%) for Striga = 0.142
 

LSD (5%) for a at samecultivar level = 0.283
 c = 

= 0.420
LSD (5%) for cultivars at same Strig level 


between Striga end cultivars. Sorghum supported emergence 
of these
 

the difference was
Striga samples significantly more than millet, but 


small in the case of STS-7. Sorghum cultivars did not interact 
signifi

cantly with the Striga samples in contrast to millet cultivars. 
ICH241
 

interacted differently with all the Striga samples whereasICMV 
7819
 

supported significantly fewer plants of STS-16.
 

Table 3
 

Effect of crop cultivars on emergence of S. hermonthica originating
 

from sorghum hosts: Striga emergence per pot 64 days after 
sowing
 

(log X+l.1)
 

Striga cultivars
 
meana
Cultivars STS-16
STS-7 STS-14 


1.270
1.25 1.31 1.25
CK60B 

1.23 1.186
IS 9289 1.15 1.18 


0.513

ICH241 0.97 0.42 0.15 


0.688
0.71 0.87 0.48
ICMV 7819 
0.778
Striga meanb 1.019 0.946 


a = LSD (5%) for cultivars = 0.7.49
 

b = LSD (5%) for Strig = 0.257
 

LSD (5%) for Strig at same cultivar level = 0.257
 c = 

LSD (5%) for cultivars at same Striga level=0.25

7
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1982 Striga from millet:
 

The results presented in Table 4 indicate no significant differences among the cultivars whereas Strig 
samples exhibited significant
differences. There was also a highly significant interaction. STP-21
gave highest germination and STP-10 the lowest. STP-15 and STP-12 were
intermediate. STP-21 and STP-12 did not interact significantly with
host cultivars whereas STP-10 and STP-15 did interact significantly.
STP-10 was germinated significantly more by millet compared to sorghum
where STP-15 was germinated significantly more by sorghum than by the
 
millet.
 

Table 4
 

Effect of crop cultivars 
on emergence of S. hermonthica originating
from millet (1982): Striga emergence per pot 70 days after sowing
 
(log X+1.l)
 

Cultivarscu 

STP-21 STP-10 

jt~i~acul 
STP-15 STP-12 

tivarst a s 
means 

CK60B 
BTx623 
Ex-Bornu 
ICH241 

b 

1.56 
1.56 
1.45 
1.56 

C.42 
0.04 
1.55 
1.12 

1.32 
1.45 
0.99 
0.97 

1.31 
1.02 
1.20 
1.03 

1.150 
1.029 
1.285 
1.172 

Striga mean 1.534 0.784 1.180 1.140 

a = LSD (5%) cultivars = 0.281
 
b = LSD (5%) Strig = 0.185
 
c = LSD (5%) for Strigas at same cultivar level = 0.369LSD (5%) forcultivars 
at same Striga level= 0.426
 

1982 Striga from sorghum:
 

The results presented in Table 5 reveal significant differences
amongcultivars 
and among Striga samples. The interaction between
cultivars and Strig 
was also significant. Sorghum cultivars 
supported
significantly more Striga than millet. STS-25 and STS-13 did not
interact significantly with the host cultivars 
while both STS-7 and
STS-17 emerged out of the soil significantly more with sorghum cultivars

than with millet cultivars.
 

DISCUSSION
 

In the present investigation out of eight Striga samples from
millet studied in 1981 and 1982, five samples STP-4, STP-1l, STP-1,
STP-21, and STP-12 have not shown any crop specificity whereas
 

62
 



Table 5
 

Effect of crop cultivars on emergence of S. hermonthica originating
 
from sorghum (1982): Striga emergence per pot 70 days after sowing
 

(log X+1.1) 
c 

Strg Cultivar 

Cultivars STS-25 STS-7 STS-17 STS-13 meana 

CK60B 1.74 1.40 1.67 1.10 1.478
 
BTx623 1.52 0.65 1.72 1.10 1.247
 
Ex-Bornu 1.39 0.04 0.39 0.77 0.647
 
ICH241 1.29 0.25 0.45 0.87 0.717
 

Stripa meanb 1.485 0.51. 1.056 0.961
 

a = LSD (5%) for cultivars = 0.234
 

b = LSD (5%) for Striga = 0.259
 

c = LSD (5%) for Striga at same cultivar level = 0.518 

LSD (5%) for cultivars at same Striga level = 0.507 

STP-10 (from Korsimoro) has exhibited partial specificity to millet
 
while STP-15 (from Tangaye) and STP-8 (from Koupela) attacked the
 
sorghum cultivars more than the millet.
 

On the contrary a majority of Strig samples from sorghum have
 
shown specificity to sorghum. Among the six Striga samples tested in
 

both the years four Striga samples viz., STS-7, STS-14, STS-16, and
 
STS-17 have exhibited specificity to sorghum whereas STS-25 and STS-13
 
did not show any specificity but attacked both the crops. STS-7 was
 
tested in both the years and maintained its crop specificity. Two sets
 
of Striga samples are of special interest. STP-12 and STS-13 (from
 
millet and sorghum respectively from Djibasso) and STP-21 and STS-25
 
(from millet and sorghum respectively from Banfora). In each case the
 

pairs of samples attacked both crops without showing any crop specifi
city. This is in contrast to Wilson Jones(1955) findings that
 
S. hermonthica from sorghum and millet Kordofan, Sudan attacked more 

millet cultivars than sorghum cultivars thus suggesting crop specificity. 

However, other Striga samples from sorghum (STS-14) and millet (STS-8) 

collected from the same latitude zone (around 120N) attacked sorghum
 

cultivars significantly more than the millet cultiVars indicating that
 

this is principally a sorghum strain. The sorghum cultivars tested
 

were able to germinate and support most of the Striga samples tested
 

irrespective of the host crop from which they were harvested within
 

the latitude zone that is under investigation whereas millet cultivars
 

could only germinate Striga from millet and two of the samples from
 

sorghum. Sorghum root exudate may thus include the stimulant compounds
 

that could stimulate both the groups of Striga whereas millet root
 

exudate has only the stimulant compound that is specific to millet
 

Strigp. Bebawi (1981 personal communication) reported that sorghum root
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exudate germinated more of sorghum Striga than millet Striga in the
Sudan but with increase in tempeiature it also germinated more of
millet Striga. At higher temperatures host specificity tended to disappear. Parker and Reid (1979) using two samples each of sorghum and
millet Strig 
against sorghum and millet root exudates demonstrated
clear crop specificity based on stimulant compounds in the root exudates.
These results agree with those of Ramaiah (1983) where the Striga strains
show extreme specialization. The Stri a samples studied in this present
investigation perhaps represent inte-mediate forms of specialization
as they are found only within a limited geographical range in which

both sorghum and millet are grown.
 

Inspite of statistically significant differences, milletcultivars
were able to support emergence of a proportion of sorghum Striga in our
own experiments as well in other 
published reports. Given enough time
in evolutionary process sorghum Striga could adapt to millet cultivars.
This is proved by two Striga samples, STS-25 and STS-13,where intensity
of attack on millet cultivars was comparable to that on sorghum
cultivars. 
 Similarly one could also hypothesize that Striga
could develop extreme crop specificity in regions where only one host
crop is grown..xamgls 
are millet Striga from Maradi, Niger, and from
Bambey, Senegagiummo, 1977; 
Parker and Reid, 1979; Ramaiah, 1983) and
sorghum Striga fi&m Kamboinse in Upper Volta (Ramaiah, 1983).
 

It is hypothesized that the S. hermonthica seed populations are
genetically heterogeneous and respond to stimulant substances produced
by roots of both sorghum and millet crops. During the course of
evoution deponding upon the host crop that is predominantly grown
at 
Lne exclusion of the other, thus creating reproductive isolation
between sorghum and millet Striga, the proportion of Striga seeds that
respond to that particular crop root exudate buildsup whereas the
other form remains in a smaller proportion but does not disappear
completely because of long viability. The genetic basis of this crop
specificity needs to be investigated.
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Abstract. 
Elution profiles of multiple forms of glutamine synthetase from
leaf or shoot tissue of angiosperm stem and root parasites were obtainedfrom ion-exchange chromatography and identified as cytosolic (GS )chloroplastic (GS ) enzymes using immunological techniques. 
or 

GS9 were present in BotA GS andthe chlorophyllous leaf tissue of the hemi-parasite,
Meaprum arvense L. (ratio of GS 
to Gs2 30:70),
site, Arceuthobium oxycedri (D.C.) M. 
the obligate stem para

ieb. (ratio of GS 
 to aGS - 90-1)and the obligate root parasites, Stri2a hermonthica (Del!) Bentg. and S.
gesnerioides (Willd.) Vatke. (ratio of GS 
to GS2 the achlorophyllous stem (Cuscuta australis L.) 
90:10). In contrast,
 

and root (Orobanche minor
Smith; 0. cernua Loefl.; 0. hederae Duby; 0. ramosa L.; Lathraea
clandestina L. and L.squamariaL.4parasites and non-photosynthetic tissue of
S. gesnerioides possessed only one form of glutamine synthetase, identified
immunologically 
as the cytosolic enzyme. 
The possible physiological role(s)
in ammnonia assimilation of each of the GS isoforms is discussed in relation
to the parasitic habit.
 

INTRODUCTION
 

Glutamipe
2 ynthetase (GS) catalyses the following reaction: L-glutamat
+ NH+ + ATP E.----> L-glutamine + ADP and Pi, and Is considered to be the
major enzyme involved in amnia assimilation in higher plants (Miflin and

Lea, 1976). 
 Moreover, glutamine synthetase has been implicated t, function
in the reassimilation of ammonia released during photorespiration and the
catabolism of nitrogenous transport and storage compounds (Keys et al.,
1978; Miflin et al., 1980).

carried out by 

These multiple physiological functions are
-different 

in various plant organs. 

isoforms of glutamine synthetase which can occur
In photosynthetically active tissue of barley
(Hordeum vulgare L.) 
 (Mann et al., 
1979), pea 
(Pisum sativum L.)(Hirel and
fo-l, 1981) and sorghum (Sorghum vulgare L.) (HOi-rel 
and Gadal, 1982), 
two
forms of glutamine synthetase have been identified by ion-exchange chromatography. 
Subcellular localization (Mann et al.,
chemical (Hirel et al., 1979) and immunocyto1982) studies have shown one isoform to be present
in the cytosol (GS

(GS

1 ) and the other isoform localized in the chloroplast
2 ). The two leaf isoforms display different kinetic, regulatory and
physiochemical properties (Mann et al., 
1980; Ahmad et al., 
1982; McNally
et al..,1983a,b; Hirel and Gadalf10).
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1978;
Physiological studies employing 
15N labelling experiments 

with either
 

(Betsche, 1983) or a reconstituted 
system (Ito et al., 


intact cells 
1978) have been carried out 

to investigate the possible 
physio-


Keys et al., Keys et al. (1978) proposed 
that cyto

logical roles of both forms 
of GS. 


solic GE was exclusively 
involved in the reassimilat 

ion of the ammonia
 

released in photorespiration 
while the chloroplast form 

functioned mainly
 

in primary ali~onia assimilation. 
However, a recent study has 

shown (McNally
 

that the green leaf tissue 
of many higher plants contains
 in
et al., 1983.a) 

isoform and therefore refutes 
the unique involvement of 

GS 


only the GS2 be
 

the photorepiratory pathway 
and demonstrates unequivocally 

that it mus 


the chloroplastic enzyme 
which is responsible for 

the reassimilation of
 

released ammonia during the 
decarboxylation of glycine 

to serine in photo

it has
respiration as has been shown 
to occur for spinach (Spinacia oleracea L.)
 

(Avena sativa L.)(Betsche, 
1983). 


(Woo and Osmund, 1982) and 
oats 

1980) that cyt(csolic GS plays 
a
 

-d dal 

therefore been suggested 

(Hirel 


role in the assimilation of 
ammonia in th- dark.
 

species can differ in their 
GS isoform complement, and 

the physiological
 

A group of plants which possess 
a
 

significance of this is still 
unclear. 


Recently, it has been shown 
(McNally et al., 1983a) that higher plant
 

modified nitrogen nutrition 
are stem and root obligate 

parasitic species of
 
Members
 

the Convolvulaceae, Viscaceae, 
Scrophulariaceae and Orobanchaceae. 


of the Scrophulariaceae 
and Orobanchaceae are important 

parasitic weeds on
 

In the
economically important crop 
plant species such as millet 

(Pennisetum
 

americanul (L.) K. Schum) and sorghum 
and a variety of legums. 


present paper we have investigated 
the occurz2nce and characteristics 

of
 

glutamine synthetase isoenzymes 
in some angiosperm parasites, 

known to be
 

dependent upon their hosts 
for their nitrogen nutrition 

(Mussleman, 1980).
 

MATERIALS AND METHODS
 

Plant material
 

Striga hermonthica (Del.) 
Benth. (host-millet) and 

S. gesnerioides
 

were grown under greenhouse
 

(Willd.) Vatke._(host-jni 
ofera-hirsuta L.) 
 Pots of 15 cm
 

conditions; the temperature was maintained 
between 30-351C. 


diameter were half filled 
with John Innes Compost number 

2, the top 6.0 cm
 

layer of soil was first mixed 
uniformly with the appropriate 

parasitic seed
 

One crop seed per pot was 
pushed to
 

species and then added to 
the pots. 

(host-Trifolium rens L.),
 Orobanche minor Smith 

0.5 cm depth of compost. (host-.Senec. sp.)
 

0. hederae Duby (host-a
helix L.), 0. cernua Loffl. 


except that the
 

weregrown in the same way 
as detailed for Stri-

were obtained
Lathrae 

temperature was maintained between 

18-2 50C. 


from the Botanical Supply 
Unit, Royal Holloway College, 

Egham, Surrey.
 

Arceuthobium oxycedri (D.C.) M. Bieb. was kindly 
provided by Peter Wyse-


Melapyrum arvense L.
 

(Botanic Gardens, Trinity 
College, Dublin). 


Jackson 

was collected from Lathkill 

Dale in Derbyshire.
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Enzyme extractior and ion-exchange chromatography 
All operations were carried out at 40c. Plant tissue was ground in a 

Pestle and mortar with 2% Polyclar AT and extraction buffer consisting of
50 m Tris-SC1, except A. oxycedri (12.5 mM7.6 for Striga spp.) Tris-SCI buffer), PH 8.0 (PHcontaining 1.5%
DT, 1.0 mM (w/v) soluble PVP; 1.0 mm EDTA; 1.0 M
reduced glutathione; 10 mM magnesium sulphate and 5.0 mM
glutamate. 
B-mercaptoethanol 
was included at 1.0 mM for all species except
Striga, Orobanche and Arceuthobium (20 mM). 
 -he homogenate was filtered
through muslin and centrifuged for 15 min. at 4200 rev. min. 1Chillspin equipped with a swing-out rotor. in a MSE


The supernatant (crude extract)
was first desalted on a G25 sephadex column, pre-equilibrated with extraction buffei' minus Polyclar AT and soluble PVP, and then applied to a DEAE
sephacel (Pharmacia Ltd.) column
extraction buffer. (10 cm x 1.0 cm) equilibrated with
Elution was carried out as described by McNally et al.
(1983a).
 

Enzyme assays
 

Determination of transferase and synthetase activities of glutamine
synthetase were as described by Rhodes et al. (1975).
 

Immunoprecipitation
 

Antibodies against the cytoplasmic glutamine(Hordeum vulgare synthetaseL.) and the chloroplastic glutamune synthetase 
of barley

(Nicotiana tabacum L.) 
 of tobacco 
!mmur.precipitatin 

were obtained as described by Hirelwas carried out et al. (1982).as described by McNally et al. (19 83a). 
Amino acid analyses
 

Amino acids in the xylem sap of Stria (host-millet) 
were determined
by gas chromatography of their N-heptafluorobutyryl 
isobutyl esters using a
 
Varian 3700 gas chromatograph fitted with a fused silica capillary column
of 0V-101. 
The procedure employed for derivatization and chromatography
were as described by Rhodes et al. 
(1981).
 

RESULTS
 

Chromatography 
on DEAE-sephacel of an extract of green leaf tissue of

the stem parasite A. oxycedri showssynthetase activit IFig. 1). 

;he presence of two peaks of glutamine
the second eluted at 240 mM KCl. 

The first peak eluted at 100 mN KCl while 
respectively. These peaks are designated GS and GS
Table I shows the total GS activity and also the relative
proportions of GSI and GS 
which are expressed as a percentage of the total
activity of glutamine syn~hetase after ion exchange chromatography of
either the leaf or shoot tissue of the parasitic species studied.
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Fig. 1. Elution profile of GSI and GS of the chlorophyllous
 

stem parasite, A. oxycedri, after chromaiography on DEAE-nephacal
 

Recovery of GS activity after chromatography
ion-exchange resin. 

was greater than 90% of the total activity initially loaded onto- " 
the column. Maximum synthetase activity was 0.52 pmol mn gfw 

Table 1 

Glutamine Synthetase Activity of Higher Plant Parasites
 

% ActivityGS2
Plant Species 	 Total GS GS 1
activitya 


100 0

Cuscuta australis (NPSP)b 12.5 


>90 <10Arceuthobium oxycedri (PSP) 13.1 
015.6 	 100Orobanthe minor (NPRP) 

Orobanche hederae (NPRP) 17.1 	 100 0
 

17.8 	 100 0
Orobanche cernua (NPRP) 

0
16.3 	 100
Orobanche ramosa (NPRP) 


100 0Lathraea squamaria (NPRP) 13.6 

100 0
Lathraea clandestina (NPRP) 14.7 

>90 <10
Striga hermonthica (PRP) 18.9 
>90 <10
Striga gesnerioides (PRP) 16.0 


-	 <30 >70Malampyrum arvense (PRHP) 
100 0Etiolated Striga hermonthica 5.0 

-1 1 )
a ransferase Activity (pmol min gfw


b NPSP, non-photosynthetic stem parasite PRP, 	photosynthetic root
 

parasite
PSP, photosynthetic stem parasite 
NPRP, non-photosynthetic root parasite PRHP, photosynthetic root hemi

parasite 
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Immunoprecipitation experiments were employed to characterize unambiguouly the GS and the GS2 isoforms frcm some of the parasitic plant species
using specific antibodies raised against the Cytosolic GS from barley andchloroplastic GS from tobacco. 
GS and GS2were separated by ion exchage
chromatography on DEAE-sephacel anA 
inmunoprecipitated.2 reprated bonConstant exhaungamounts
of enzyme were incubated with increasing concentrations of antibodies andthe enzyme activity was measured in the supernatant following the removalof the immune complexes. 
Figure 2 shows the results obtained with the
chlorophyllous stem parasite, A. oxycedri; similar results were observed
with GS and GS2 isolated from-the leaf or shoot tissue of the other parasitic plant species. GS 
is completely precipitated with 100 gl of GS1
antibodies and likewise 
S with 100 gl of GS 
antibodies. However, only
40% of the total enzyme activity of GS2 was precipitated with 100 
I GS
antibodies and only 50% of the total enzyme activity of GS1 
was precipi
tated with 100 
 l GS 2 antibodies. 

A 
100
 

I.- G
 

10 50 100 10 50 100 

ANTISERUM (,.D
Fig. 2. Immunoprecipitation curves of GS
1 and GS2 
from the chlorophyll,.us stem parasite, A. oxycedri. 
 In A and B GS I and GS2 
were
separated by using DEAE-sephacel chromatography and submitted separately to immunoprecipitation with antibodies raised against either
barley cytosolic GS (A) or tobacco chloroplastic GS (B). Constant
amounts of GS and GS2 
activity (0.85 nkatal) were incubated with
increasing volumes of either antiserum or non-immune serum. Samples
were incubated for 3 h at 20*C and then centrifuged at 10,000 g for
15 min. 
GS activity was assayed in the supernatant. A: GS ( 0 )and GS2 (UN ) from A. oxycedri incubated with barley GS 
aniiserum.
B: GS 1(A) and GS2 (cL) 
 from A. oxycedri incubated with tobacco
GS2 antiserum. A & B: control w~ith7non-immune serum 
( 0 ) 

DISCUSSION
 

Chromatography of the green leaf tissue of the hemi-parasite, M.
arvense, and the obligate parasites, A. oxycedri, S. hermonthica and S.
ei,-.rioides revealed two distinct peaks of GS activity which correspond to
,.he cytoplasmic (GS ) and chloroplastic (GS2) isoenzymes of glutamine synthetase found in otAer higher plants (Mann et al., 1979; Hirel and Gadal, 
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1983). moreover, the isoforms
 
1980; Hirel and Gadal, 1982; Ahmad et al., 
 or shoot tissue were 
detected after chromatography of either green leaf 

unambiguously identified using specific antibodies 
raised against purified
 

The results obtained here show that the photosynthetic 
hemi-


GS and GS 

and chloroplastic isoforms. 

an& obligaie parasites possess both cytosolic 
the activity of the
 

However, in both species of Striga and A. oxycedri 

GS is much lower (<10% of total GS activity) than in the hemi
chloroplastic In all the achlorophyl(>70% of total GS activity).
parasite, M. arvense 

lous parasites studied only cytosolic GS was 

present.
 

its relative proportion of total 
The presence of the GS2 isoform and 

GS activity within green leaf tissue seems to be 
strongly correlated with
 

For example, in S. hermonthica, the rate of photophotosynthetic activity. 


synthesis and the amount of GS activity present 
in the chloroplast is much
 

Moreover, in achlorophyllous stem and
 lower than in a typical C3 plant. 
 as found in etio
root parasites which do not photosynthesize, 

GS2 is absent 
1980 and Hirel
 

lated tissue of several other higher plants (Mann 
et al., 


and Gadal, 1982) including, in the present study, etiolated Striga.
 

The proposal of the unique functioning of GS, in the reassimilation of 

ammonia released during photorespiration is not 
substantiated by the present
 

findings. Achlorophyllous parasites which do not photosynthesize 
and which
 

are unlikely to photorespire paradoxically 
possess only the GS, isoform.
 

Moreover, in S. hermonthica it is likely that chloroplastic GS is the iso

form responsible for the reassimilation of ammonia 
released during photo

respiration which has been already found to 
occur in other C3 plants such
 

(Betsche, 1983). Interpretat
as spinach (Woo and Osmund, 1982) and oats 


ions concerning the role of cytosolic GS are 
still speculative. However,
 

there is increasing evidence to support its 
functioning in the assimilation
 

of ammonia in the dark, a situation comparable 
to that already found in non

(Mann et al., 1980) and seeds (Hirel

photosynthetic organs such as roots 


et al., 1984) and also in the shoot tissue of achlorophyllous 
parasites.
 

There is evidence to support the use of fertilizer 
nitrogen for Striga
 

control in cereals (Gambia, 1981). The application of organic manure to
 

infested stands reduced the emergence of Striga 
and increased crop yield.
 

in at least two ways: :indirectly by reducing the light
The nitrogen acts 
intensity at the soil surface as a result 

of denser crop canopy (Ogborn,
 

1983) and systematically by increasing tissue 
nitrogen of the host root to a
 

level at which Striga parasitism is directly 
inhibited (McNally and Stewart,
 

In this context it is of interest to find a 
very low nitrate concen

1982). 
at least ten times lower than that of its host, 

millet)

tration (0.059 mM; 


this together with a very low chloroplastic 
GS
 

in the xylem sa of Striia 


activity are in favour of a very low primary 
assimilation of ammonia
 

This could also explain the presence of
 released from nitrate reduction. 


large amounts of organic nitrogen in the form 
of glutamic acid (1430 nmol
 

Glutamic acid is likely, therefore,
in the xylem sap exudate of Striga.
cm') 

to be the major source of nitrogen transported 

from the millet host to the
 

for the Alnus-Lathraeasituation previously reportedStriga parasite, a 
parasitic association (Renaudin and Lahrer, 

1982) where glutamic acid and
 

Therefore it appears that
 
citrulline are the major transport amino acids. 
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organic nitrogen compounds are preferentially transported from host toparasite as opposed to inorganic forms of nitrogen.
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Abstract. The parasitic plant 
Striga hermonthica (Del.) Benthis shown to have a low capacity for CO fixation and nitrate 
reduction. The activities of Ribulose bis-phosphate carboxylase,
nitrate reductase and chloroplastic glutamine synthetase kre low.
The low levels of RUBP carboxylase activity are consistent
the low rates of photosynthesis, and low 

with
 
the levels
chloroplastic glutamine synthetase 

of
 
with low photorespiratory


activity. 
Analyses of the xylem sap of S. hermonthica reveal the
 presence 
of a range of amino acids and aides, suggesting thatsane amino acids may be derived directly from the host ratherthan by synthesis in the cells of Striga. 
 The dependance of
Striga on its host for organic carbon and nitrogen-containing
compounds may explain in part its parasitic mode of nutrition. 

INTRODUCTION 

Under field conditions Striga hermonthica (Del.) Benth is
always found parasitizing thL roots of other plants. In culture,however, it can be grown on a relatively simple defined growthmedium (Okonkwo, 1966). Such studies have led to the assumptionthat it depends on its host for minerals, water and possibly alsohormonal compounds (see Musselman, 1980). One implication ofthese conclusions is that its biosynthetic potential is 
 similar
to other free living angiosperms. Our contention is that axenic
culture studies do not provide us with any information on the
host dependence of the parasite or on its "normal" biochemicalcapacity. In this paper we present results on the biochemicalstatus of plants of Striga parasitizing sorghum which suggesta high degree of dependence on the host for organic carbon and
nitrogen containing compounds. 

MATERIALS AND METHODS 

Materials
 

S. hermonthica 
and S. asiatica were grown as describedpreviously (McNally et al, 1983a), 
 on Sorghum bicolor (L.).
Moench 
var Ras Girid as the host. S. gesnerioides was grown on
 
Indgofera hirsuta as host.
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Enzyme Extraction and Assay 

Shoot tissue of Striga species was extracted in 0.1M Tris-HC1 
and ImM dithiothreitol using a polytroncontaining 1mM EDTA 

tenhcmogenizer. Homogenates were centrifuged at 5,000 g for 
Nitrateminutes and the supernatant used as a source of enzyme. 

Orebamjoreductase was assayed as described by Stewart and 
by Lilly and(1980). RUBP carboxylase was assayed as described 

Walker (1975). Glutamine synthetase, glutamate synthase and 

glutamate dehydrogenase assayq were according to Rhodes et al, 

(1975), ion-exchange chromatography of glutamine synthetase was 

out as before (rcNally et al, 1983a). PEP-carboxylasecarried 

assay was according to Smith and ap Rees (1979).
 

Amino Acid Analyses
 

Amino acid3 were extracted, fractionated, derivitized and 
(1981).determined as described by Rhodes et al 

Gel Electrophoresis
 

gels were used. Samples were12% SDS-page (Laeelli system) 
shoot tissue in a 1.25% mercaptoethanol,prepared by grinding 

0.125M Tris-Ci extraction buffer, acid precipitating the 

supernatant and resuspending the precipitate in a glycerol based 

sample buffer. 

Measurements of photosynthesis and photorespiration were 
P.J. Lea and his colleagues, Biochemistry
carried out by Dr. 


Department, Rothamsted.
 

RESULTS
 

Enzymes of Inorganic Nitrogen Assimilation 

The results in Table 1 show the activity of enzymes of 

inorganic nitrogen metabolism in leaf or shoot tissue of Strica 

Very low levels of nitrate reductase were present; thespecies. 

activity measured is comparable with that found in plants of
 

nitrateLemna minor L. assimilating nitrogen sources other than 
& Stewart, 1974). The activity of cytoplasmic(see Orebamjo 

non parasiticglutamine synthetase is similar to that in many 
(see McNally et al, 1983b) but the activity ofangiosperms 

comparable
chloroplastic glutamine synthetase is very low and is 


with that in etiolated tissue of rice (Guiz et al, 1979).
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Table 1. Enzymes of nitrogen assimilation ±n Striga Species 

Enzyme Activity Umol h-gfw- 1 

Enzyme S. asiatica S. hermonthica S. gesnerioides 
Nitrate reductase 
 0.2 
 0.1 
 0.1
 
Glutamine synthetase


(cytosolic) 
 29.5 
 33.0 
 26.0

Glutamine synthetase

(Chloroplastic) 
 1.5 
 5.o
Glutamate synthase 
9.0 


7.3 
 20.0
Glutamate dehydrogenase 17.0 
12.3
 

26.0 
 21.0
 

Nitrate reductase is a 
substrate-inducible 
enzyme (see
Hewitt, 1975) 
 so that the low activities in Strica 
spp. could
reflect a limited transport of nitrate in the xylem sap.However, feeding nitrate to cut shoots of S. heronthica did notbring about an induction of nitrate reductase. Ferredoxindependent glutamate synthase was detectable but again itsactivity is relatively 
low (of Lee & Stewart, 1978). The
activity of glutamate dehydrogenase is within the range found formany other non-parasitic angiosperms (cf Lee & Stewart, 1978). 

The low 
capacity of inorganic nitrogen assimilation and
amino acid biosynthesis suggests parasitic plants of Strigautilize a source of nitrogr. other than nitrate. 
may 

Analyses of thexylem sap of S. hermonthica (Table 2) show that very low amounts
of nitrate are present and that a wide variety of amino acids are
present. Although the 
main components are aspartic acid,
asparagine, 
glutamic acid and glutamine it is evident that other
amino acids are being supplied to the shoot. These analyses
suggest that parasitic 
plants of Striga receive a number of
protein amino acids directly from the host. It is possible,however, that interconversion of nitrogenous compounds may occurin the haustoria and that some of the xylem nitrogenous compoundsderive from the biosynthetic activity of the parasite rather than
its host.
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Table 2. Nitrogenous com1uunds in the xylem sap of 

Striga hermonthica parasitizing Sorghum 
3nmol cm

Compound 


isNitrate 
440
Asparagine 

470Aspartic acid 
410Glutamic acid 
290Glutamine 

28Isoleuciine 
21Leucine 
76Lysine 

120
Phenylalanine 

55
Proline 

14Serine 
40
Threonine 

40
Valine 


00 fixation 

Compared with other non-parasitic species in the
 
S. hermonthica ofScrophulariaceae the extractable activity from 


The levels of the aiternotive
RUBP carboxylase is low (Table 3). 
 - acarboxylating system PEP-carboxylase was 0.1 mol m Igfw , 

secies exhibiting C3 photosynthesis.value comparable with other 

Table 3. Ribulose bis-phosphate carboxylase activity of StriZ
 

and other non parasitic members of the Scrophulariaceae. 

- 1-Umol h - mg 1tool h - 1 mg 
-1 -1 ioh g
 

Species chlorophyll protein
 

Striga hernionthica 0.2 1.5 

Digitalis purpurea L. 4.43 4.0 

Linaria vulgaris Mill. 3.5, 5.4 

Antirrhinum majus L. 11.4 11.5 

The low levels of extractable RUBP carboxylase appear to 
in leaf
reflect the presence of small amounts of this protein 

tissue of Striga. Thus on SDS-polyacrylamide gel elkctrophoresis 

of Strja leaf extracts tha protein which corresponds to the 

large sub-unit of RUBP-carboxylase gives a faintly staining band 
extracts from rion-parasitic species.in ccimpar:ison with that in 
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Measurements of Ph tofynthesis and photorepiration gaverates of 5.5rug CO2 din- CO.g2 ndm respectivelywhich are low in comparison with those reported for other species(e.g. barley wh;chlunder similar conditions gave rates ofand 5.3 mg C02dm -h ) and are consistent with the low levels 
26.5 

ofRUBP carboxylase. 

DISCUSSION
 

It is often assumed that since hemi-parasites arechlorophyll-containing 
 and have apparently normal chloroplast
lamella structure, they are not dependent on their host forcarbon compounds. 
 The present results suggest that parasitic
plants of Striga have a low capacity for photosynthesis, arisingpartly at least from the low activity of RUBP carboxylase. Thelow rates of photosynthiesis are matched by low rates ofphotorespiration. 
 This may in part explain the low levels of
chloroplastic glutamine synthetase reported previously (McNallyet al, 1983a). Although Keys et al (1978) suggested in theirmodel of the photorespiratory Witrogen cycle (PRNC) that theammonia released in photorespiration is reassimilated bycytoplasmic glutamine synthetase, results obtained more recently(see McNally 
et al, 1983b) suggest it is the chloroplasticglutamine synthetase which is active in the PRNC. The low levelsof chloroplastic glutamine synthetase present in Striga
plants exhibiting 
low rates of photorespiration are 
consistent
 
with this interpretation.
 

The absence of any marked 
capacity to reduce nitrate
indicates alternative nitrogen sources are utilized and 
analyses
of the xylem sap suggest amino acids 
and amides are these
nitrogen sources. 
 The transport of organic nitrogen containing
ccmpounds has important implications as rc- rds the carbonrelations of the parasitic association. Raven (1983) has 
drawn
attention to the considerable "obligate" transfer of carbon from
host to parasite when nitrogenous compounds are translocated from
host to parasite. The carbon:nitrogen ratio in Striga shoots is
approximately 20:1 while that of the nitrogenous compounds in the
xylem sap is approximately 3:1. 

17% 

These values imply that up 
toof the carbon in Striga shoots could be derived through theobligate 
transfer of carbon during the transiport of nitrogenous
solutes from host to parasite. 
If, however, the haustorial cells
are active in nitrogen assimilation the input of host carbon may
in fact be less than calculated. 
The low rates of photosynthesis
observed here suggest more detailed studies of carbon transfer
between host and parasite would be worthwhile. Raven (1983) has
suggested 
that the extent of carbon transfer could be determined
by measuring the carbon isotope ratio.1 3 
Plants possessing the C4
1,.otosynthetic pathway have a lower 6 C value than plants withonly the C3 pathway (O'Leary, 1981). Consequently any 
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photosynthatesubstantial input of carbon deriv94 from sorghum 
will result in a less negative &''Cl~alue for Striga compared 

with other C3 species. The 6 C values obtained for 
Striga bilabiata (Thunb.) Kuntz. parasitizing Eragrostis racemosa 
(Thunb.) Steud.) was -25.4 compared with -11.6 fo- the C host 
(de La Haype et al, 1981) suggesting little carbon tIansfer 

occurs between host and parasite in this particular association. 

Although the capacity of Striga to grow in axenic culture on
 

a relatirely simple growth medium implies it can assimilate C and 

N, the present repult_ 3 suggest parasitic plants have a high 

dependence on the host for assimilated carbon and nitrogen 

compounds. It may be that there are qualitative differences
 
between parasitic and autotrophic plants of Striga.
 

Acknow edgements 

Financial support from the Science and Engineering Research 

Council (Grant GR/C 30382) is gratefully acknowledged. We should 

also like to thank Chris Parker of the WRU for providing us with 

some of the materia.s used in these experiments. 

References
 

DE LA HARPE, A.C., VISSER, C.J.H. & GROBBELAAR, N. (1981)
 
Photosynthetic charactreristics of some South African para
sitic plants. Zeitschrift fur Pflanzenphysiologie 103,
 
267-275.
 

GUIZ, C.D. HIREL, B., SHEDLOVSKY, G. and GADAL, P. (1979)
 
the relative propor-
Occurrence and influence of light (r.1 


tions of two glutamine synthetases in rice leaves.
 
Plant Science Letters 15, 271-277.
 

HEWITT, E.J. (1975) Assimilatory nitrate-nitrite reduction.
 
Annual Review of Plant Physiolony 24, 519-570.
 

KEYS, A.J., BIRD,I.F. CORNELIUS, M.F., LEA, P.J., WALLSGROVE,
 
R.M. & MIFLIN, B.J. (1978) Photorespiratory nitrogen cycle.
 
Nature 275,741-742.
 

LEE, J.A. & STEWART, G.Ro (1978) Ecological aspects of nitrogen
 
assimilation. Advances in Botanical Research 6, 1-43.
 

LILLY, R.M. & WALKER, D.A. (1975) Carbon dioxide assimilation 
by leaves, isolated chloroplasts and ribulose biphosphate 
carboxylase from spinach. Plant Physiology 55, 1087-1092. 

M01ALLY,S.F., OREBAMJO, T.O., HIREL, B. & STEWART, G.R. (1983a)
 
Glutamine synthetase isoenzymes of Striga hermonthica and
 
other angiosperm root parasites. Journal of Experimental 

79
 



MCNALLY, S.F., HIREL, B., GADEL, P., MANN, A.F. & STEWART, G.R.
(1983b) Glutamine synthetases of higher plants: evidence
for a specific isoform content related to their possible

physiological role and their 'Compartmentation within the
leaf. Plant Physiology 72, 22-25.
MUSSELMAN L.J. (1980) The-biology of Striga, Orobanche andother root parasitic weeds. Annual Review of Phytopathology
18, 64-489.
 

OKONKWO, S.W.C. 
 (1966) Studies on Striga senegalensis. IVIn vitro culture of seedlings. Effects of various sugarsand glutamate. American Journal of Botan3, 52 679-682.O'LEARY, M.H. (1981) 
 Carbon isotope fractionation in plants.
Phytochemistry 20, 533-568.


OREBAMJO, T.O. & STEWART, G.R. (1974) 
Some characteristics of
nitrate reductase induction in Lemna minor L. 
Planta 117,

1-10.
 

RAVEN, J.A. (1980) Phytopages of xylem and phloem: a comparison

of animal and plant sap feeders. Advances in Ecological

Research 13, 136-235.


RHODES, D. RENDON, G.A. & STEWART, G.R. (1975) The control ofglutamine synthetase level in Lemna minor L. 
Planta 125
 
203-210.
 

RHODES, D., MYERS, A.C. & JAMIESON, G. (1981) Gas chromatography
mass spectrometry of N-hepta fluorobutyl isobuty 
esters ofamino acids in the anlysis of the kinetics of C NH4assimilation in Lemna minor L. 
Plant Physiology 68,
1197-2005. 

SMITH, A.M. & AP REES, T. (1979). Pathways of carbohydrate
fermentation in the roots of marsh plants. 
Planta 146, 
327-344. 

STEWART, G.R. & OREBAMJO, T.O. (1980) Nitrogen status andnitrate reductase activity of the parasitic angiosperm

Tapinanthus bangwensis 
 (Engl. & K. Krause) Danser

growing on different hosts. Annals of Botany 45, 587-589. 

80
 



Third International SyMisium on Parasitic Weeds, 
Aleppo, 1984.
 

AND OTHER PARASITICOF MANNITOL IN STRIGA HERMONTHICATHE ROLE 
ANGOSPRMS. 

AND G.R.STEWART, Department
J.NOUR, I .TODD, p.YAGHMAIE, G.PANCHAL 

of Botany, Birkbeck College, University of Londoil, Malet 

Street, London WlE 7HX. 

amounts inmannitol is present in largeAbstract. The polyol, 
(Del.) Benth. and several other parasitic

Striga hermonthica 
The occurrence of large quantities of potassium

angiosperms. 
leaves of Striga suggests that mannitol could 

have an
 
ions in 


mannitol is shown to 
osmoregulatory function. In addition, 

of enzymes and membranes indicating
increase the heat resistance 
it could also have a protective role. 

INTRODUCTION
 

of the Orobanchaceae
Several parasitic angiosperms, members 
the sugar alcohol,

and Scrophulariaceae are reported to contain 
Sugar alcohols (polyols) such as 

mannitol (Smith at al., 1969). 
(Alroad e--t alT., 1979), mannitol and pinitol (Popp, 1984)

sorbitol 
species of angiosperm

are present in large amounts in several 
of mangrove. In the latter
 

halophytes, particularly species 

group of plants sugar alcohols (or polyols) are suggested to play 

in non
a role in osmotic adaptation (Abroad et al., 1979) and 

as icromolecule protectants
halophytes they are suggested to act 

The role of mannitol in angiosperm
(Smirnoff and Stewart, 1984). 


et al., propose that
 
parasites is uncertain. Smith (1969) 


angiospprm parasites which derive their-carbon predominantly from 

conform to the generalization, applicable to many
their host 


that the parasite synthesizes soluble
symbiotic associations, 

those of the host. Mannitol
carbohydrates which differ from 

readily re
would then represent a carbohydrate source not 


Smith et al., (1969) also suggest polyols
utilised by the host. 

in the w-ater relations of parasitic


might play a role 

a source of osmotically active solute in 

angiosperms, providing 
order to reduce the water potential of the parasite below that of 

its host.
 

as
In this paper we consider the possible role of mannitol 


an osmotic solute and macromolecule protectant.
 



MATERIALS AND METHODS
 

Plant samples: Striga was(McNally et al., grown as described previously1983). Stija hermonthicasorghum ho-t-in Abu Naama, (Del.) Benth. fromSudan wasbicolor) (L.) Moench. 
grown on sorghum (SorghumPlants of Lathraea squamariacollected from CressBrook Dale, L. were
Derbyshire.
Sutton Orobanche
and 0. hederae Duby were grown on plants 

elatior
 
scabiosa L. of Centaurea
and Hedera h1lix L. respectively. 
Cuscuta australis
R. Brown was grown on a range of host species (see results).
 
Mannitol Extraction and Estimation
 

Plant samples were ground to aa methanol (12):chloroform fine powder and extracted in(5):water (3) mixture. After phaseseparation and evaporation to dryness the smple was taken up 
 in
water and applied to a column of Dowex-50 H .
 Sugars and organic
acids were recovered in the water wash and applied to a column of
Dowex-1 
 formate. 

which 

The sugars were recovered in the waterwas taken wash,to dryness and redissolved in a small volume
water. 
 Ar aliquot 
of this fraction was taken of
reactivial, to dryness100 1 of STOX in areagent (Pierce-warriner)the mixture incubated was added andat 70 for 30 minutes.trimethylsilylacetimide 100 P1 of Biswas added.
samples After at least 60 minutes
 
on a 

were taken for analysis by capillary gas chromatography
Varian 3700 gas chromatograph fitted with a
capillary fused silica
colmn 
of OV-101. 
 GC conditions
operation were; i~othermal
150 ; injector and detector temeratures 280 C; 
 with
helium as the carrier gas.
 

Enzyme Extraction and Assay
 

The extraction 
of enzymes from
hermonthica was as described by McNally et al. 

shoot tissue 
 of S.

(983). Detailsof the enzyme assays employed are given In St. r'rt and Lee (1972)and Rhodes and Stewart (1974). 

Orobanche and The presence of mannitol 

Mineral Analysis: Dried samplesdeterminations (Ahmad et al., 1979). 
were used for cation 

RESULTS 

MannitolContent and Distribution 

The 
parasites 

mannitol content of Etriga and someis shown in Table 1. 
other angiosperm 

Lathraea inconfirm 
(se Smith 

the results of earlier studieset al., 1969), and the occurrence of
Striga is consistent mannitol in
with reports of
parasitic species of its presence in otherthe Scrophulariaceae (see Smith et al., 
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1969). Mannitol was present in substantial amounts in all the 

tissues of Lathraea examined. It is evident from the results
 

that the presence of large amounts of mannitol in Cuscuta is 
host-dependent. Only in C. australia parasitising Teriiinalia
 

argentea and S. hermonthi'ca was mannitol present in large 

amounts. Both these hosts accumulate mannitol. More detailed 
studies of Cuscuta have shown its soluble carbohydrate 

composition to be closely related to that of its host.
 

Table 1 

Mannitol Concentrations in some Parasitic Angiosperms
 

Mannitol VJwl gfw- I 
SPECIES 

20-30
Lathraea squamaria 


17-26
Orobanche elatior 


25-35
Orobanche hederae 


10-15
Striga asiatica 


10-20
Striga hermonthica 


Cuscuta australis (on Avicennia nitida Jacq.) N.D.
 

(on Cicer arietinum L.) N.D. 

(on Ricinus communis L.) N.D.
 

(on Striga hermonthica) 20
 

(on Terminalia argentea) 12
 

Osmotic Ad jus "nent and Mannitol 

large
Analyses of S. hermonthica indicate the presence of 
(Table 2). occurrenceamounts of potassium and magnesium The of 

(up to five times those regarded aslarge quantities of potassium 
being "adequate" for plant growth - Epstein, 1972) is of interest 

in relation to its suggested role in osmoregulation (Cram, 1976;
 

Wyn Jones et al., 1979). The concentrations of potassium iii S.
 

hermonthica are in excess of 300mM and as such must make a major
 
Wyn Jones et
contribution to leaf osmotic potential (>1.20 MPa). 


al., (1979) have proposed that the potassium concentrations in
 

the cytoplasm of eukaryotic cells are maintained in the range 
a100-120mM. If it is assmned that the cytoplasm of Striga cell 
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comprises approximately
cytoplasmic potassium 

10% of the total cell water and thatis 1O0M then
difference there will be a
in osmotic potential large

between
vacuole. This the cytoplasm and
 

cytoplasm 
possible difference in ion concentration between
and vacuole suggested for Striga issimilar reminiscent of aphenomenon in many angiosperm halophytes (see Flowers et
al-h, 1977). 


achieved by 
Osmtic adjustment in angiosperm halophytesthe synthesis of licytoplasmicincluding polyol (see Wyn osmotic solutes,Jones et al., 1977;1983). It is possible that srniar role 

Stewart and Abroad, 
be ascribed a in osmoregulationto mannitol can
accumulation 
in Strig ad Oother
angiosperm parasites. 
 qa d other
 

Table 2
 
Mineral Content of Striga hernonthica
 

ELEMENT 

mg
 

Calcium 

1.8
 

Iron 

0.3
 

Magnesium 

15.0
 

Manganese 

0.1
 

Potassium 54.0
 

Zinc 

0.1
 

Plants of Striga used in these analyses were parasitic on Sorghum
bicolor and had just begun to flower. 

The effect of mannitol on the stabilityofenzymes
 

four enzymes from shoot tissue of S. 


Fig 1 shows the effect of mannitol on the heat stability 
of
hermonthica.
fron the results It is evidentthat mannitol increasesall four enzymes. the heat stability ofThe temperature giving a 50% loss of activity
is raised some 5-100 in the presence of mannitol.
 

This protective effect is dependent on solute
(Table 3). concentration
Over the range 0.1 tc l.OM, 
mannitol progressively
increased the heat stability of glutamine synthetase from Striga.
This stabilisation 
is not however species or 
solute specific.
Mannitol is as effective in stabilising glutamine synthetase from
a mannitol non-accumulator (Tortula ruraliformis (Besch.) Rich 
&
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1
 

50

_30 60_9_30_0 

TERUE C0 

Fig. 1. Influence of mannitol on heat stability of entris 

(a) Acid phosphatase, (b) Aspartate aminotransferase, c) Clutamte 

dehydrogenase, (d) Malate dehydrogenase. 
Partially purified enzymes were incubated at different temperatures for
 

10 minutes in presence or absence of 1.OM mnnitol. 
(0control, A I.OM mnnitol) 



Wall) as the Striga enzyme (see Smirnoff and Stewart, 1984). 

Table 3
 
Effect of mannitol on heat 
stability of cgutamine synthetase 

Mannitol (M) %Residual glutamine 
synthetase activity 

0 
30
 

0.1 

40 

0.25 
47
 

0.5 

56 

1.0 

65
 

Partially 
10 

purified glutamine synthetase was incubated at 500 forminutes in the presence of different concentrationsmannitol, aliquots ofwere removed and residual activity determined. 

Other solutei which accumulate instresses, including proline and 
plants subject to variousglycine betaine give a similar ifsomewhat lesser protection (Paleg et al., 1981; Smirnoff andStewart, 1984).
 

The results in Fig. 2 that
concentrations protect Striga 
show increasing mannitol
glutamine synthetase againstdenaturation by high concentrations of urea. A related polyol,sorbitol was found 

Triglochin maritima 
to protect the glutamine synthetase ofL. against salt, temperaturedenaturation 7 and pH"(Amad et al., 
 1979). These, the
presented and resultshere suggest polyols and the compatible solutea prolineand glycire betaine (see Paleg et al., 1981) have a generalisedprotective effect on enzymes.
 

Mannitol may protect 
 cell membranes againstdenaturation. Incubating fragments of Striga leaves at 
heat 

temperatures increasingleads to a leakage of amino acids which isconsiderably reduced in the presence of 0.5M mannitolThis (Fig 3).suggests mannitol may protect cell membranes against heat
denaturation.
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b. 
100 glyclnt betel 

mannitol 

i60

prolific 

20

2 	 4 0.4 0R 1.2 
UREA (W 	 SOLwrE 0L 

Fig. 2. 	Urea inactivation of glutamine synthetase and its reversal by
 
mannitol. (a) Partially purified glutamine synthetase was
 
incubated in the presence of increasing urea concentrations and
 
samples removed to determine residual activity after 10 minutes.
 
(b) Glutamine synthetase was incubated in the presence of 4M
 
urea and different concentrations of proline, glycine betaine or
 
mannitol.
 

2 40 

30 4O 50 
TEMPERATURFE, 0 

Fig. 3. 	Influence of mannitol on amino acid leakage from Striga leaves.
 
Leaf fragments were incubated in the presence or absence of
 

mannitol (0.5M) and aliquots removed after 30 minutes for the
 

determination of amino acids ( A control, & 0.5M mannitol).
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DISCUSSION
 

Mannitol accumulation 
cytosol if it is predominantly locatedof Striga would seem in the 
intracell.ar -osmotic 

to provide a mechanism foradjustmentamounts of potassium. in cells accumulating large
the In addition mannitol is able toin vitro heat stability of enzymes and to 

increase 
stabity- increase the-of cell membranes. heatStudies withsolutes, proline and glycine betaine have shown they can increase
 

other compatible 
the 
heat stability of enzymes in chloroplasts
isolated from leaves (Nash 

and mitochondria 
resistance et al., 1982). Increased heat 
the 

in Striga could be of particular significanceperiod before emergence when high soil during
encountered. temperatures might beFurther experiments
the influence of water stress, 

are necessary to investigate
temperature and other
on parametersthe accumulation of mannitol in Striga.
 

Mannitol 
 has not been detectedhermonthica, in the hostssorghum or of S.
Schun. millet (Pennisetum americanumF. The (L.) K.role of mannitol in osmoregulationalso heat and possiblyresistance suggests interference with its
would 
have marked metabolismeffects on StricaMannitol metabolism would 

growth and reproduction.therefore seemfor enzyme-directed herbicides. 
to be a possible target

other parasitic weeds The occurrence of mannitol insuch aa Orobanche indicatefor the the possibilitydevelopment of a selective herbicide for these 
noxious
weeds. 
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whird International _ noiue on Parasitic Weeds, Aleppo, 1904. 
WE r OF STRXGA SPECIES On SuRMM UR VARYING NITROGN 

C PARKER, AFRC Weed Research Organization, Yarnton, Oxford OX5 ip?, U.K. 
Abstract Sequential harvests of sorghum (Sorghum btco~oranvociated (L.) Moench) andparasite Strtga hermonthtca (Del.)nitrogen fertilization, Benth. at two levels ofconfirmed the potential for S. hermonthtca ioreduce shoot weightsoil. of its host even before its ownThe root:shoot ratio, emergence fromand actual root the
increased dry weight of the host wereas a result of Strtgs attack. Atinhibition of shoots and 

low N this effect followed thecould be andiversion of resources to the host 
indiirct effect resulting from passiveroot sytem. At highof Strtgo was delayed N the developmentand the dmage tois proposed the host considerably reduced.that the effect of Iscan Itbe attendency least partly explained by its 

and 
to influence the host's partitioning of resourcesroot. The damaging effects between shoof:of S. ?ermonthtca, S.and S. denstfora Benth. astattca (L.) Kuntmeappear to be directly relatedemerged Strtga, over to the weight ofa wide range of intensities of infection. 

INwrOmxCTION 

Most authors including Saunders (1933), Uttamanconcluded that the parasitic Strtga species 
(1950) etc. have

induce sometheir hosts, toxic effect inrather than merely depriving the hoSt of nutrients and water.In work with Strtga species spanning many years at the Wee
Organization, Researchand earlier at Oxford University (e.g.been quite apparent that there Parker, 1974) it hadwas indeed a toxic effect of Strtga but ithad also been observed with both S.S. atasttca (L.) Kuntze (Del.) Benth. and
 
Moench) 

that while shoots of sorghum (Sorghum btcol-or (L.)
or other cereal hosts weare conspicuously reduced,before the emergence sometimes evenof Strtga from the soil, the root systems werefrequently larger. 

Many authors have observed a beneficial effect of nitrogenStrtga emergence and/or reducing in reducingthe damage caused (Pearson, 1913; Last,1960 etc.). 

An experiment was therefore designedboth sorghum host and S. hermonthtca over 
to observe the performance ofattack, and the early stages of Strtgato see how the performance of both host and parasiteinfluenced by contrastig were 

in 1973 and results were 
levels of nitrogen. The experiment was conductedpresented orally at aof Applied Biologists meeting of the Associationin 1975. Onlytime (Parker, 1976) 

a short abstract was published at thatand the opportunity is taken heredata, . to record the fulllbeit belatedly, and to discuss the results in relation to somerecent work. more 
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NEODS AND &TERIALS 

at WW in the
 
These pot experiments were conducted in 

the gluahouSe 

summer months without supplemintary 
light but with boating to maintain a 

230 C. ventilation was controlled and for 
the period from 2 to 4 

minimum 
weeks after sowing, temperatures were 

allowed to rise naturally under sunny
 

conditions to 30-35 C in order to 
ensure good germination of Strtga.
 

Seqntial harvest experiment.
 

In this experiment, conducted in 
1973, the soil used waa a sandy loam
 

P and K fertilizers were added to all soil 
in the 

from Begbroke Hill Farm. 


form of superphosphate at 1.2 g/kg 
soil and potassium sulphate at 0.6 

g/kg.
 

at 0.1 g/kc and for 
of N, ammonium sulphate was added 

For the 'low' rate 
No further additions of fertilizer 

were made
 
the 'high' rate, at 1.6 g/kg. 

after this initial soil dressing.
 

Seeds of
 
Pots of 13 cm diameter were half 

filled with this soil. 


S. hermonthtca from a sorghum host 
at Samaru, N. Nigeria were then mixed 

Thin soil was used to fill
 
into soil at approximately 1000 seeds 

per pot. 


Three seeds of hybrid sorghum var. 
MS 348 were
 

the upper 6 cm of pots. 


sown 3 per pot 1-2 cm deep and thinned 
to one plant soon after emergence.
 

Pots were watered individually as 
required.
 

to 8 weeks 5 replicate pots were 
At weekly intervals from 3 weeks 

the following parameters
 
taken from each of the four treatments 

and 

(a) maxi,,height from soil level 
to tip of longest leaf, (b)
 

measured: 

height of the stem apex from soil 

level (observed after cutting the shoot
 

and splitting up from the base), (c) 
number of leaves visible, (d) degree
 

of senescence of lower leaves, (e) 
stage of development of the
 

inflorescence, (f) leaf area, measured 
by laying individual leaves on a
 

light screen, photographing and measuring 
light transmission through the
 

negatives in a suitably calibrated 
photometer, (g) dz-y weight of shoots,
 

cm, (j)
 
(h) dry weight of roots, (i) number 

of prop roots longer than 1 

number of Strtga emerged, (k) number 
of StrtLa attached to roots, (i) dry 

weight of Strtga.
 

Additional treatments in this experiment 
included overall sprays of
 

growth regulators, which were epplied 
3 weeks after sowing using the WRO
 

pot sprayer delivering 400 l/ha, with 
additional wetting agent (,Agral 90')
 

was used as the 40% commercial formulation
 at 0.2% w/v. Chlormequat (CCC) 


OCycocel' and gibberellic acid was 
in the form of 100 mg 'Berelex Minorl
 

tablets (mainly GA3 ). These treatments 
and a corresponding control were
 

replicated 3 times.
 

Varietal experiment
 

In this more recent experiment (1983) 
a similar sandy loam (Yarnton)
 

was used with additional superphosphate 
(2 g/kg) and potassium


so.1 
sulphate (0.6 g/kg) and 'low' nitrogen 

(0.i g ammonium sulphate/kg).
 

Larger pots (15 t= diameter) were used in which Strtga seed was mixed with 
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the upper 6 ca of soil. The experimnt involved 0 varieties of sorghum butthe results for only three susceptiblesorghum variety was establi.had varieties are presented. Eac(3 per pot initially, thinnedwithout Strtga and with to 1) in pots4 rrplicaa-* each of 11Strtga, 2 samples of S. 
different collections ofastattca, 1 of S. denstfLora Benth. and 8 ofS. hermonthfca, from various origins as indicated in Table 3. 

Assesrments 
at 15 weeks, 

included Strtga emergence at weekly intervals, and finallyfresh weights of sorghum and Strtga shoot growth. 

RESULTS 

Sequential harvest experiment 

Result3, presented
on the in Table 1. show that Strtga wasroots of low N plants 4 weeks already developing 
5 weeks. 

from sowing and beginning to emerge atThe number emerged represented only 9% of the total numberattachod at 6 weeks and still only 17% at 8 weeks.
development by High N delayed Strtga
one week, but numbers attached and their total dry weightwere eventually higher than at low N. Percentage emergence of thoseattached was only 8% at 8 weeks.
 

Dry weights of sorghum shoots were already signigicantly reducedStrtga attack at low byN 5 weeks after Sowing, before Strtga had startedemerging in 4 of the 5 replicates. Reduction of shoot growthprogressively becamemore marked at each harvest to finish at only 49% ofuninfested controls. At high N, reduction sorghua shoot growth due to
Strtga was delayed and became 
in 


significant only at 7 weeks.
 
Sorghum root weights were 
 not significantly affected byweeks. At trtga at 4low N there was an apparent reduction due to Strtga at 5 weeks.The 6 week harvest unfortunately hadwashing. By 7 weeks there was a 

to be discarded duie to inadequatehighly significant increasedue to Strtga, but after this there 
in root weight 

the was little further root grwth duesevere todamage suffered by the shoots at this stage. At high M, therewas already a significant increase in sorghum root weight due to Str1tga at5 weeks, which remained apparent through to a weeks. Not only wasroot weight increased totalbut the numbers of prp
at least 

roots were also increased by10% by Strtga at both levels of N, (data not presented). 

As a consequence of reduced shoot growth und stimulatedthere was an approximate doubling of the rot:shoot ratio as 
root growth 

Striga infection at both a result oflow air high N.
reduced by high N, 

The ratio was significantly

in both the presence and absence 
of Striga. 

The reduction in sorghum shoot. weight by Strt-ga wasreduction in plant height which was associated with aalmost oompletely accounted for byreduction in stem length,
both low and high N. 

the reduction being significant by 5 weeks atLeaf number and length were relatively unaffectedleaf area (data not presented) andwere reduced non-significantly, by less than10% in each case.
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Table 1 

Performance of sorghum and Striga 
hermonthica at two levels of 

nitrogen
 

fertilization
 
Age in weeks at harvest
 

5 6 7 8
3 4 

Striga emerged (No/pot) 7.8 12.2 13.6
 
0 0.2
0 


Low N : + Striga (0.92) (1.12) (1.13)
(0.06)

(log) 8.4
0 0.6 2.0 


High N: + Striga 0 0 
(0.12) (0.34) (0.86) 

(log) 
-

(0.34) 
S.E. 

-

Striga total (No/pot)
 72.0 80.6 
0 10.0 28.8 88.8 

Low N : + Striga (1.45) (1.93) (1.85) (1.85) 
(log) 75.8 108.6

0 7.2 34.6 

High N: + Striga 

0 
(0.82) (1.52) (1.87) (2.2) 

(log) 
-

(0.08) 
S.E. 



Strig"a dry wt (mg/pot 54.4 91.9 
:+ Striga 0 0.3 13.5 31.9 

Low N 
o Striga 
 116.0
2.2 15.9 48.5


0 0 

High N: + Striga 

- - 23.4-
S.E. 


wt (g/pot)
Sorghum shoot dry 2.64 3.26 4.08 5.58 

0.65 1.57 

No Striga 1.86 2.78
Low N : 2.34 2.54


0.64 1.18 

: + Striga
Low N (97.6)(P5.5)(70.5) (71.6) (62.2) (48.9)
 

Low N : (+ Striga as % of None) 4.27 9.87 13.84
6.59
0.71 1.83 

High N: No Striga 6.22 7.60 8.75
 

0.73 1.69 4.09 

H'ifgh N: + Striga (93.8) (77.0) (63.0)
 

(+ Striga as % of None) (102.0)(92.5) (95.9) 

High N: 0.25
 

S.E. 

- 1.0 15

0.03 0.49 0.92 1.00 1.53 
Sorghum rootStrigadry wt (/pot)Low N : No 

1.48
- 1.460.74
0.03 0.47 

Low N : o Striga 0.92 - 2.00 2.89 

0.03 0.43 

High N: No Striga - 3.00 3.58
1.25
0.03 0.39 

High N: + Striga 
 0.12
 

S.E. 


Sorghum root:shoot ratio 0.25 0.28
0.37 0.05 C.35 

Low N : No Striga 0.61 0.54
0.40 0.05 0.39 

Low N : + Striga - 0.20 0.210.22
0.04 0.22 

High N: No Striga 0.40 0.41
 

0.04 0.22 0.31 

High N: i Striga 0.10
 

S.E. 


Sorghum Ht of stem apex (cm) 57.6 75.4 89.6
 
- 15.4 41.6 


Low N : No Striga 43.0 41.0
46.0
- 12.6 30.2 

Low N : + Striga 85.4 109.4 147.0
 

- 18.6 51.0 

High N: No Striga 72.0 90.8 122.4
 

- 18.2 43.8 
High N: + Striga 3.8
 

S.E. 
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Table 2. 

Some effects of GA and chloEr2usat on the groth of sorghum with andwithout Striga hermonthica, all at low W. 

No spray Chla!equat CI S.E. 
2.5 kg/ha 0.4 kg/ha 

Sorghum foliage dry wt. ( g/pot) 

No Striga 
 5.49 
 4.79 
 6.60
Plus Striga 
 2.55 2.04 3.25 1.0
 

Height of sorghum stem apex (cm)
 

No Strioa 119.0 102.3 139.7 
Plus Striga 54.3 35.0 103.3 9.3 

Sorghum root:shoot ratio 

No Striga 
Plus Striga 

0.247 0.280 
not recorded 

0.169 0.014 

Table 2 shows that Ga treatment had oppositeSt:tg effects to those ofin decreasing rootishoot ratio and enhancing the elongation of therites, but the treated plants were abnormally slender and in the pk-senO ofStrtga there was not the alleviation of weight loss that had been hopedfor. Chlormequat, conversely, enhanced the effects of Striga in reducingstem length and increasing root:shoot ratio. Strtga emergence in thisexperiment was not significantly affected by chlormequat or GA trettmentsbut in another test (not reported here), chlormequat caused an acceleration
of Strtga emergence. 

Varietal experiment 

Partial results of this experiment are presented in Figure I and Table3 to show the relationship between the fresh weight of Strtga and thecorresponding reduction in shoot fzesh 
appears to be 

weight of sorghum. The relationshipa simple linear one with a good correlation of host ukt
loss, with weight of Strtga, independantly of species. it may he notedthat the weight of individual plants is very such lower in S. atatt-ca thanin S. hermonthtca, and there was.no simple correlation at all between
Strtga numbers and loss of host weight.
 

DISCuS om 

The sequential darvest experiment emphaises the profound way in whichS. hermonthtca can 
influence the growth of the host, especially at low
nitrogen levels. Significant reduction of stem growth, and shoot weightoccurs at the very earliest stage of Strt-ga attachment when the amount of 
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on shoot weight of 3 sorghum 
Effects of different Striga sampleFig. I emerged are shown 

Striga species, origin and numbers 
varieties. 

in Table 3 below.
 

80 W 134
2219 B
E35-1 

100 = 124 g/pot
= 48 g/pot100 100 = 102 g/pot 100 


40 CB
 

C D C H 

FF
G
50 H\0 

....
E. 

4. ). 0 

20 30
10 20 30 10

10 20 30 


Striga fresh wt (g/pot)
 

Table 3.
 

sorghum varieties
 
Striga species origin and nurbers emerged 

on 3 

Striga species 


B S. asiatica 

C S. asiatica 

D S. densiflora 

E S. hermonthica 

F S. hermonthica 

G S. hermonthica 

H S. hermonthica 

J S. hermonthica 

K S. hermonthica 

L S. hermonthica 
4 S. hermonthica 

Origin 


India 

S. Africa* 

India 

Nigeria 

Upper Volta 

Gambia 

Nigeria 

Niger 

Sudan 

Sudan 

Ethiopia 


No. emerged per pot
 

on variety:
 

80W134
2219B
E35-1
WRO No 


79-4 40 16 24
 

75-1 
 95 50 24
 
2 4
12
76-1 


26
77-38 15 25 


77-39 
 37 14 20
 

79-4 33 15 19
 

77-19 26 17 .31
 

79-1 
 48 35 26 

75-1 32 23 21
 
16
79-8 25 16 


23 13 17
78-4 


all others from sorghum host
 * host maize 



material removed from the host
weeks, less than 

is relatively quite insignificant. At 4I mg of Strga
total weight of the 

resulted in a reduction of 400 mg in thehost, and at 5 Weeks 13.5 mg causedof 950 mg in the host. There is 
a total wei-ht lossclearly some very powerful toxin or growthreulator either released from, or induced by the parasite. 
That it is not
a simple toxin, howaver, is apparent from the lack of toxic effect on theroots which are significantly increased as a result of Strtga infection.It had been hoped the 

roots 
experiment would confirm whether the stimulation ofso often seen in previous experiments, preceded or followed the
effects on the shoot. 


be explained as 
If it only followed the stunting of shoots it could
an indirect consequence of the suppression of &hoot growth
and the passive re-direction of photosynthate to the root system.
this At low Nwas the case, but at high N increase in root weight was almost
simultaneous with the reduction in shoots leaving somethere Is question whether 

i...ibition 
some element of direct root stimulation, independant of shootIt can, however, be noted that there is never any observedstimulation of growth or brawching of the individual 
infected
is the whtole roots aC itroot sstem that be.efits from the stimulus.out by the increase in the numbers This is borneof prop roots whichattack. Also result from strtgathe senescence of lower leaves is delayed by Striga attack.again suggesting diversion of surplus fooda fro above rather than alocalied sink effect in the roots. 

S. astattca and S. aenstflora areS. much smaller plants thanhernonthtca and individually
sorghum. The 

have a much less serious damaging effect ondata presented heresuggest that when compared 
from the varietal experiment, however,


comparable 
on the basis of Strtga weight they are
and that there is a quite close correlationweight between Strtgaand host weight los over a wide range of Strga intensities. 

Since the sequential harvest experiment was conducted, T)rennan and El
Hieris (1979) have shown how the inhibition of sorghum shoot 
growth byS. hen nthtca can be explained by-a dramatic
growth promoters and inhibitors 
change in the ration of
reaching the sorghum shoot in the xylem
sap. It is still not confirmed, 
 however, whether this is adequate to
explain the stimulation of roots. 
Nor is there as yet any explanation of
how the Strtga induces the changes in growth substances, whether it is, (i)
triggered by a substance diffusing from parasite to host, against the main
host-to-parasite flow or, (ii) 
a form of wound response. Although (i) is
not supported by the observationsparasite-to- of several workerst movement of C who found negligible

Nelson 
in radio-label experiments (e.g. Rogers &1962) it may be noted tAt S. hermonthtco causes chlorotic blotchsymptoms in its host which are not caused by S. stattca, suggesting theexistence of a toxic substance rather thannot b expected a wound response (whichto differ between would 

cause St-tga species). Whether the initialis toxin or wound response, it appear. probable thatlinked to the response of the plant to drought. 
it is closely

Drennan and El Hiweris
(1979) noted the parallel between drought and S. hermonthtca in their
effects on growth substance balance in sorghum. It also seems likely to besignificant that S. astattca characteristically induces wilting in its
host, even under moist soil conditions. 
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earlier resultsstem elongation and some 
lbs observation of reduced 

enhancemnt of Strtga effects by cibormequat suggested that the 
showi4ng several attempts

by treamnt with gibkoellifl.
damage might be alleviated 

shown above are typical and not 
but the sample of results ishave been made, a spray of CM but growth

Stem length can be restored by
encouraging. reduced.is still seriously
still abnormal and sorghum weight 

Wan lessexperiment
The effect of nitrogen in the sequential harvest 

in the relatively short delay of 
others, especially

pronounced than in soms to theThe delay in serious damage
Striga development.only one week in - and would no doubt - about 3 weeks 

host was considerably greater howevar 
or in thelarger pots,under conditions (e.g.

more prolongedhave been rapidly depleted.sonot have beensoil nitrogen wouldfield) where the 

to Strtga wasin sorghum weight due 
the percentage reductionAlthough the actual reduction in sorghum dry 

less with hig~h nitrogen, Othersolmewhat was not appreciably different.
of Strtga weightweight per mg in the any consistent increase

also failed to show
eIeriments have of the nitiogenThe nature 

tolerance of sorghum to Striga at high N. 

an effect via
(1973) suggested
remains elusive. Taferedegneffect Strga germinationand hence a delay in 

reduction of stimulant exudation 
From the ex;eriment described 

not yet been fully confirmed.
but this has 

large part of the nitrogen effect 
it might be hypothesized that a

above, between rootof photosynthatesthe partitioningeffect oncould be via its 
significaniy reduced

the absence of Strtga it 
(+Striga) and shoot. In 

greatly delayed the 
in the presence of Strtga it 

rootishoot ratio and 
infected plants.

Increase of root:shoot ratio in 
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partment of Agricultural Research, Mauritskade 63, 1092 AD 


The Netherlands.
 

Secondary or "wet dormancy". which has been 
described for seeds
 

Abstract. 

(Del.) Benth., was reinvestigated.
of the parasitic weed Striga hermontsica 


When the conditioning period, i.e. the period 
that the seeds are kept under
 

moist conditions in vitro before exposure 
to a germination stimulant, was
 

10 to 14 weeks.
approached zero after 
extended, the germination percentage 

On the basis of a tetrazolium colour test 
for seed viability it seems likely
 

that under the influence of a prolonged conditioning 
period the seeds enter
 

a state of dormancy. However, in contrast 
to the result- of a previous study,
 

the dormancy of the seeds could not consistently 
be broken by drying and re

peating the conditioning. The role of "wet 
dormancy" under natural condi

tions is discussed.
 

INTRODUCTION
 

In the parasitic weed Striga hermonthica 
(Del.) Benth. seed germina

tion requires very specific conditions. 
These include a period during which
 

the seeds are kept under moist conditions, 
generally called conditioning (or
 

pre-treatment), and an impulse by a chemical 
stimulant (Vallance, 1950;
 

The length of the conditioning period has 
been shown to in-


Parker, 1965). 

fluence the number of germinating seeds 

(Vallance, 1950; Reid & Parker,
 

The germination percentage is generally 
maximal when conditioning is
 

1979). 

carried out for approximately two weeks. 

Vallance (1950) reported that, if
 

this period is extended the germination 
percentage decreases and may ulti

mately approach zero. He showed that this 
is not caused by a loss in viabi

lity as the effect was nullified when 
the seeds were dried and once more
 

(1950) concluded that the seeds en
conditioned. As a consequence Vallance 


ter a state of dormancy which was designated 
by the term "wet dormancy".
 

(1979) also noted a decrease in germination 
of S. hermonthica
 

Reid & Parker 

after a prolonged conditioning period but 

the germination of the seeds was
 

not tested after subsequent drying. 

rn West Africa the development of S.hermonthica 
seems to be correlated
 

with rainfall and the length of the crop 
growing period in relation to the
 

at the beginning of June
When sorghum is sown 
wet season (Ogborn, 1972). 


when the rainy period starts, the bulk 
of Striga plants appear above the
 

soil surface immediately after the ending 
of the heavy rains in September.
 

Ogborn suggested that during a continuous 
rainy period the seeds enter a
 

state of "wet dormancy". He noted that 
in Nigeria Striga infestation was
 

especially heavy after a short dry period 
during the wet season and hypothe

sized that this was due to breaking of 
the "wet dormancy". More recently
 

(1981) also connected "wet dormancy" with 
the severity of
 

Stoop et al. 

Striga infestations. They observed that 

in Northern Ghana the weed most fre
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quently occurs on soils which are prone to moisture stress, i.e. soils with
 a coarse structure and low organic matter content, and suggested that on
these soils the "wet dormancy" is more readily broken.
 
In the present study the occurrence of "wet dormancy" in S.hermonthica
was reinvestigated. After various periods of conditioning, whether or not


followed by drying and subsequent conditioning, the germination percentage
was assessed in the presence of a germination stimulant. In certain experiments the viability of the seeds was also determined by means of a tetra
zolium colour test.
 

METHODS AND MATERIALS
 

The origin of the seeds of S. hermonthica used in the present study, are
 
presented in Table 1. In the laboratory the seeds were stored in the dark
 
Table 1 
Details of origin of the various seed samples of Striga hermonthica.
 

Sample no. country of origin 
 year of collection
 

1 Nigeria, Samaru 1977
2 Sudan, Kadogli 
 1978
 
3 Sudan, Wad Medani 
 1978

4 
 Sudan, Shambat 
 1974

5 Sudan, Abu Naama 

6 Upper Volta, Benena Djib 

1977
 
1981
 

7 Upper Volta 
 1980
 
8 Sudan 
 1976
 

at 50C and a relative humidity of approximately 70% (no data are available
 on storage between harvesting and arrival of the seeds in the laboratory
in Amsterdam). Two synthetic germination stimulants, the strigol analogues

GR 7 and GR 24, 
were supplied by Professor A.W. Johnson of the University
of Sussex, Brighton, UK. Two groups of experiments were carried out. Each
 group included experiments on the effect of the length of the conditioning

period on germination (to assess whether the germination percentage decreases, i.e. whether "wet dormancy" is induced, after a prolonged conditioning period), and, following a prolonged conditioning period, the effect
of drying and a second conditioning period on germination (to assess whether
 a decrease in the germination percentage, i.e. the supposed "wet dormancy"
phenomenon, is nullified by drying). An overview of the two groups of ex
periments is presented in Table 2.
 

Table 2 
An overview of the two groups of experiments.
 

Group of 
experiments 

Length of the con-
ditioning period 

(weeks) 

Length of the period that 
the seeds were kept dry fol-
lowing prolonged conditioning 

Second condi
tioningperio! 

(weeks) 
(weeks) 

I 
II 

0 - 10 
0 - 12 or 14 

1 - 33 2 
0 - 7 
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1981, the experiments in
The. experiments in Group I were conducted in 

Group II in 1982. For practical reasons there were minor differences 
between
 

the methods which were applied in each group.
 
on glass fibre filter paper

The experiments were carried out in the dark 

(to reduce fungal problems) in 9 cm diameter Petri dishes. 
In Group II,where
 

seed samples appeared to be highly contaminated, the seeds were sterilized
the 
with a 2% NaOCl solution for 5 minutes.
 

placed on moist 1 cm diameter discs ofwereFor conditioning the seeds 
(20-30 seeds per disc) and subsequent-
Whatman GF/A glass fiber filter paper 


ly the discs were arranged on two layers of Whatman GF/A 
glass fiber filter
 

(diameter 9 cm) wetted with 8 ml demineralized water. For 
each treat

paper 

ment there was one Petri dish in Group I and there were 

five Petri dishes
 

in Group II. Each Petri dish contained five discs with 
seeds. In Group I
 

there were three replicates. The Petri dishes were placed 
in an environment

20 C. After the conditioning period the 
al chamber at a temperature of 250C + 

discs were taken from the Petri dishes and dabbed on 
dry filter paper to re

move surplus moisture. Subsequently, for the germination 
test the 1cm discs
 
filter paper (wetted 

were placed in new Pet-ri dishes: in Group I on rings of 
diameterwide which were cut from 9 cm

with demineralized water) 0.5-1 cm 

Whatman No. I filter papers, in Group II on glass fibre 
filter paper discs
 

cm diameter
with a diameter of 2 cm (cut from Whatman GF/A paper): The 1 

discs in Group I were moistened vith 0.02 ml of GR 24 solution, in Group II 

of the GR solutions was 1 mg
7 solution (the concentrationwith 0.2 ml GR 

(in separate Petri dishes) 0.2 ml of a 0.6% solution 
of triphenyl


1-1) or 

(TTC test) is a means for
 

tetrazolium chloride. The tetrazolium colour test 

The 2 cm discs in Group II were
 determining seed viability (Moore, 1973). 


used in order to maintain the moisture content of 
the 1 cm diameter discs
 

for a longer period of time than on the rings ehich 
were applied in Group I.
 

In Group I the exposure to the germination stimulant was performed in an en

at 28°C for 48 hr. In Group II the exposure to the germina
vironmental chamber 

chamber at a temperaturewas out in an environmentaltion stimulant carried 
of 330C for 24 hr. The TTC test was conducted for a period of 5 days (at 330C). 

was designatedthe percentage coloured seedsIn accordance with Moore (1973) 
as potential germination percentage.
 

test was prepared by dissolving 6 grams of 2,3,
The solution for the TIC 

M phosphate buffer solu
5 triphenyl tetrazolium chloride in 1 1 of a 0.025 

tion which was kept at a pH of 6.9.
 wasa prolonged Conditioning period) carried out:
Drying of the seeds (after 

In Group I for 7 days at 25
0C and a RH of 30-50%.
 

In Group II: a) abruptly, over 96% sulphuric acid 
(at room temperature) for
 

followed by 21
48 hr, in accordance with Vallance (1950), 

days in an incubator at 35
0C and RH of 30-40%. 

b) 23 days in the incubator mentioned under a). 

ums assessed with a low power microscope.the seedsGermination and colouring of 

RESULTS
 
on 

In general the percentage 
The effect of the length of the conditioning period germination is shown 

in Fig. la-5a (Group I) and Fig. 6a-8a (Group II). 

increased markedly when the conditioning period was extended 
germinating seeds conremained more or less 
from zero to two weeks. Subsequently the percentage 

to 7-8 weeks (in Group
stant and after a period varying from 5 weeks (in Group I) 

II) decreased and ultimately (after 10-14 weeks) approached 
zero. The maximum
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60 

0.seed sample 1 l 

40 

40- . 2a 
2bseed sample 2 

20.a :. 

3a 
so. seed sample 3 3b 

~60

0 

4a 
 4b
 

20 seed sample 4 

so. 5a 5 

5bseed sample 5 

40.
 

20 .
 

T"4 I 10 121 1 182232 34weeks of conditioning weeks of dryness after prolonged conditioning 

Fig. 1-5. % germination of Striga hermonthica seeds (Group 1). a-after variosperiods of conditioning 
b--after a second conditioning period of two weeksfollowing a prolonged (10 weeks) initial conditioning period and variousperiods of dryness. Vertical bars above and below the mean indicate 
t 0 . 0 5 . (s/'n). 
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number of germinating seeds varied considerably per seed 
sample.
 

TrC test (potential gerqould be colournd with theThe number of seeds which 

mination) was not markedly affected by the length of the conditioning period
 

In seed sampleg 6 and 7 the maximum germination was in the
(Fig. 6a-8a). 

same range as the potential germination percentage. On the other hand, in
 

was markedly lower than the rQtential germinatiQ.
seed sample R it 

If, in addition to a prolonged conditioning period (10 weeks in seed
 

14 weeks in samples 6 and 7), the seeds 
samples 1-5, 12 weeks in sample 8 and 

were dried and again conditioned, the germination 
percentage still remained
 

8 did the3 and 8. However, only in sample
low in samples, other than samples 

number of germinating seeds reach a level comparable 
to the maximum obtained
 

after a first conditioning period. 
more or less constantalso remainedThe potentia]. germination percentage 

(Fig. 6b-8b). It should 
after a second conditioning period of various length 

be noted, however, that in seed sample 7 the potential 
germination percentage
 

was considerably lower after the second condttioning 
period (following dry

ing) than after the first.
 

A 

60 1 

60a 2&
 

1234 5 6 7
11 14 

E0a oo 
1 2 3 4 5 6 7 8 1 

7a
;213 T47bI 

'F- I seed sample 7 

00
 

7 1
 

20. 
40

3 4 5 6 713 14 1 2234 5 6 789ii0112I weeks of conditioning weeks of subsequent 

conditioning 

Fig. 6-7. Actual (9) and potential (A) germination 
percentages of Stria
 

a- after various periods of conditioning.
hermonthica seeds (Group II). 


b- after various second conditioning periods following 
a prolonged initial
 

conditioning period (14 weeks), and a dry period of 23 days. The seeds were
 

(II)abruptly over sulphuric acid at
 (I) at 330C in an incubator or
Oried 

room temperature during 2 days followed by 

21 days at 330C in an incubator.
 
(s//n).
indicate t0.05. 


Vertical bars above and below the mean 




ggbI 

22 

toU 

01 

0- see2- o sapl2318 
C 

80!ta
Cig o n tnll() eiainpretgso

C SOr hr_ 

monhic sed4Go0II.a e~
fe -iu f odto~
 
123 4567ag 1112 13 14 1 234 

weeks of conditioning weeks of subsequient 
Fig. 8 Actual (a) and potential (A) germination percentages of StrIga her-Inonthica seeds (Group II). a-. aftez various periods of conditioning.
b- after various second conditioning periods following a prolonged initial
conditioning period (12 weeks), 
and a dry period of 23 days. The seeds were
dried (I) at 330
c in an incubator or 
(II) abruptly over sulphuric acid at
room temperature during 2 days followed by 21 days at 330C in an incubator.
Vertical bars above and belcl. the mean indicate t0.05.
 (s/ln).
 

There were no marked differences in qermination between the seeds
which had been dried abruptly over sulphuric acid and those which had been
dried in an incubator (Fig. 6bI/6bII, 7bI/7bII, 8b1/8bII).
When the second conditioning period was varied 
(Group II: Fig. 6b-8b)
the germination percentage increased in seed sample 8 and the maximal level
was reached after 3-4 weeks. In seed samples 6 and 7 the length of the second conditioning period did not appear to have a marked influence.
After a prolonged drying period (Group I) the germination percentage

became zero 
(Fig. lb-5b).
 

DISCUSSION
 

The decrease in the percentage germinating seeds after a prolonged
conditioning period, which had been reported previously by Vallance 
(1950)
and Reid & Parker (1979), 
was also observed in the present investigation.
The period which was zequired for the germination percentage to approach
zero (10 to 
14 weeks) was much longer than the period (3 to 4 weeks) reported by Vallance (1950). 
That the decrease in germination was not always
apparent in the experiments by Reid & Parker (1979) could be due to the fct 
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dtionir. period longer than 8 weeks. 
were not exposed to a c
that the seeL Vall.nce (1950) the inhibiting
 

It is not c Jear vhy in the ewperiments by 

effect on germination was brought abcut 
after such a short period. Physio

logical and genetical differences 
ang the 2eed sipples could play 

a role.
 

(1950) that after prolonged conditioning
 The assumption of Vallance 


the seeds enter a state of secondary 
do-mancy, i.e. "wet dormancy", rather
 

than losing viability seems to be 
confliad by the TTC test, as the 

number
 

wore or less constant.
 
of seeds which could be coloured 

remrniind 

: °} the germination of "wet dormant"
 

However, in contrast to Vallance's 
wo:
 

seeds, with the euception of samr.e 
8 end, to a lesser degree sample 

3, did
 

not increase after drying and sub 
aquent conditioning. Hence, it appears,
 

that in most cases "wet dormancy" 
is not readily broken by drying 

of the
 

seeds.
 
seems unliLely that the divergence 

from Vallance's results is due 
to
 

it 

the method by which the seeds wers 

dried. In the present study the 
same re

sults were obtained when the ses-ds 'veredried abruptly over 
sulphuric acid,
 
or when the seeds
(1950), 


in accordance with the method 
described by Vallance 


were dried in an incubator.
 

With regard to sample 8 it is striking that in 
contrast to the other sam

ples which were exposed to the TTC 
test (samples 6 and 7) there is 

a relative

ly large difference between the 
potential germination percentage 

and the
 

maximal germination percenttge 
(see Fig. 8a and Fig. 6a/7a). 

As a conse-
thatimpliesgerminate. Thisviable seeds did not 

quence a large amount o %Ltl 

the relatively large nuidber of 
seeds of sample 8 which germinated 

after the
 

have not necessarily passed through
 
second conditioning pe.i-od (rig. 8b), 


a state of "wet dormancy"'. it is conceivable that these seeds 
belonged to
 

the viable seeds which did not 
germinate after the first conditioning 

period.
 
that this test has

it should be noted ts concernedas the TTC tneAs far 
also been used for determining 

the viability of seeds of S. asiatica 
(Kust,
 

1963). There was no appreciable 
decrease in colouring capacity 

of the seeds
 

Mj and 310C. However, when these 
seeds were
 

during a 15 week-test at 20% 

RH 
and a temperature of 310C 

they could not be coloured
 
stored at 100% 

11 weeks after storaue began. 

This suggests that the seeds 
of S. asiatica
 

lose their viability when they 
are stored under moist conditions 

instead of
 

on the other hand,
(1979), 

enteringx.a state of "wet dormancy". 

Reid & Parker 


reported that after a conditioning 
period of 8 weeks the decrease 

in the
 

germination of S. asiatica was 
less pronounced than that of 

S. hermonthica
 

fieldseeds. plays an important role under 
The hypothesis that "wet dormancy" 

is not corroborated 
conditions, i.e. during the rainy 

period (Ogborn, 1972), 

by the results of the present 
study. Apart from the fact that 

the "wet 

dormancy" could only sporddically 
be broken by drying, there are 

other com

plications in connection with 
the hypothesis of Ogborn. The 

development of
 

(Saunders, 1933;
 
the parasite below the surface 

will take several weeks 


If the plants emerge at the end 
of September
 

Doughty, 1942; Andrews, 1945). 


the germination must have taken 
place during the rainy period, 

i.e. under
 

conditions when it is very unlIkely 
that the "wet dormancy" can be 

broken
 

by drying.
 
in general ithas been shown that 

a high soil moisture is unfavourable
 

for Striga development. For example 
in the Gezira in the Sudan it 

has been
 

reported that lightly irrigated 
soils were more severely infested 

with
 

S. hermonthica than heavily 
irrigated soils (Andrews, 1945; 

Wilson Jones,
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1953). It is conceivable that apart from "wet dormancy" in soaked soi.ls also
the oxygen/carbon dioxide balance plays a role. It has been shown that seed
respiration is markedly enhanced if the seeds, following an optimal conditioning period, are exposed to a germination stimulant (Vall.-i.-e, 1951, a, b).
Therefore in soaked soils oxygen depletion might inhibit germination. With
our present knowledge it is not possible to speculate upon the hypothesis
of Reid & Parker 
(1979) that the rate at which "wet dormancy" develops in
the field is influenced by the oxygen/carbon dioxide balance. In the laboratory "wet dormancy" is induced when the seeds are imbibed on the surface of
wet filter paper in open contact with the air.moisture Another influence of excessivewhich could be considered to affect germination in the field is thatthe effectiveness of the germination stimulant might decrease because of a
dilution of the root exudate of host plants. It seems unlikely that the stimulatory effect of short drying periods on Striga Pmziyence, as
Ogborn (1972), reported by
can be solely attributed to a breakixJg of "wet dormancy".
With regard to the severity of the problems with S. hermonthica, especially
in the Sahel region in northern Africa where tha weed to a large extent reduces the production of the staple foods sorghum, millet, maize and rice
(Pieterse and Daams, 1980; Ramaiah, 1981; Stoop et al., 
1983), further research on the interaction between seed germination and soil moisture is
strongly recommended.
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STUDIES ON THE GERMINATION OF SOME INDIAN COLLECTIONS OF
 
STRIGA ASIATICA (±L.) KIJNTZE
 
BHARATHALAKSFMI, Department of Biochemistry, Indian Instituteof Science, Bangalore-560 012, India.
JAYACHANDRA, R and D Program in Sericulture, BangaloreUniversity, Bangalore-560 056, India. 

Abstract. From field observations and laboratory studies on the
seed germination of samples of the root parasite - aagiatica Stri(L.) Kuntze collected in Karnataka, India, Issuggested that these samples could bevariants. distinct intraspecificStudy of these samples with regard to their afterripening, the duration and temperature of pretreatment, their
temperature sensitivity during germination and their responseto ethephon, L-methionine, cyclic adenosine monophosphate
during germination also confirm their physiological distinctness. 
These variants are adapted to different host crops andto the climate of the places of their collection. Further dataon a sample infesting Pasalum scrobiculatum L. confirms thatit differs from forms attacking sorghum and millet ingermination behaviour, phenolic content and proteins. 
its
 
The
significance of these findings is discussed.
 

INTRODUCTION 

The field observations and studies on the germination of
different collections of Striga asiatica (L.) 
Kuntze from the
fields of sorghum LS r bicolor (L.) Moenchj(h~o and milletT-ch. --EJ-.' . ) fferent parts of Karnatakastate, In 
a led to the suggestion that these could be distinctintraspecific variants (Bharathalakshmi andAfter-ripening and Jayachandra, 1979).pretreatment are important constituentphases in the germination of the parasite; hence the studieswere extended to examine if these Indian collections of
S. asiatica varied with regard to these two phases and their
empe-ratue sensitivity during germination. 
Their response to
ethephon and L-methionine that are reportedtion in the parasite (Egley and Dale 
to induce germina

1970; Worshom, 1961) and
cyclic adenosine monophosphate (cAMP5 in the germination mediumhas also been tested. Further studies are also reported forthe sample from Ps__lum scrobiculatum L. for comparisonthose already Pu l withfor saPleFr-om sorghum and millet
(Bharathalakshmi and Jayachandra, 1979). 

METHODS AND iiTERIALS 

Three different samples of Striga, 
two from sorghum fields
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(Bellary district),
at Kikkeri (Mandya district) 	 and H.B. Halli 

been consideredand one from fPaplum fields at Kikkeri have 
SK and SHpbeing designated as

for this study; t '7ormer two 
at Bellary are generally

and the latter as PK. Temperatures 
at Kikkeri. The rainfall at these two 

3-50C higher than those 
a common pattern of distribution 	with 

places of collection has 
rising steadily by September 	 to 

mm in Junea minimum of 30 
at Bellary and 125 mm/month at Kikkeri.

about 100 mm/month 
cv. CSH-1. Localthroughout the study wasSorghum used 	

from cultivators at Kikkeri. 
var. of Easpalun was obtained 

for atleast six months 
The Stri seeds were after-ripened 

o rw-se stated), pretreated and germinated as 
(unless 	 1979).and Jayachandra,(Bharathalakshmide3cribed earlier 
1. After-ripening
 

were svb octed to 
1The SK, SH and PK samples of Stri 	

j;,a ^ 
for 1-12 months by storing them in

after-ripening 	 ,of temperatu- 25350)
cntainers under laboratory conditions 

(35% in March-April to 96% in ,,,zpiuamber).
and relative humidity

the seeds were pretroated at 	350C for 10 days and 
Subseoquently, to the root " 	 of 
tetcd for their germination 	rsiinse 

rn .11.tionsof four oa 
the rispective host in five cch.
 

anz'. durftlon
temperature2. 	 Pretreatment 


S.,,I tiad IK were pretrtaed at 20,

The seed samples of SK, U-2 -.Biochem' BOD incubator and25, 30, 35 and C for 10 -, th six dis-i.-n 'two 	 sets . 

t /"ml) med:Iao' " - --	 ixd~ ntostsin GR 7 (0~gm) ~ wt 	 (Jhnsongerminated 	 ..
GR 7 originated from the unt,!,iety o f S--se,% UT 

for 0 - 20 days at 35C 
1976). Another set preteseed_V al eAate of the ret potive 	hosts 

was7also germinated in the root 
of four d~Aos each.using five replications 

at diffrent temperatures3. 	 Germination 
seeds pretreated for ten days

The three samples of a 
at 20, 259, 30, 35 and 400C

tested for ge1-inationat 350C were 	 treatment.
GR 7 ( pg/ml) medium with six discs for eachin 


to synthtic chemicals in the germination medium
 
4. 	 Response 

were
The after-ripened and pretreated Srr seed samples 

formuin solutions of ethephON(commercialset for germination 	 100 Pg/ml).10 and100 pg/ml), L-methioninelation - 1, 10 and 
cAMP 0 and 10 pg/ml) in three replications of four 

discs
 
and 
each. 

tested for germination
5. The PK sample of Striga 	seeds were 

system of sorghum, pearl millet and 
in root exudate and on root 
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Pa~iTalum as described zarlier (Bhera-cialakshmi and Jayachandra, 

6. The seeds of PK, pre:reated for 0, 105 and days at 350Cwere set for germination in four replicGations of four discs
each in 0, 10, 25, 50, 75 and 100 of kinetin. 
7. The 10 day-pretreated PK seedx) , lze germinated in 1,10 and 100 pg/ml of GR 7 in five re ~ictnr of four discseach. The germination was recorded z;t 24 ho 
8. The total phenolic level in the ;,eds of PK sample.trgawasdetermined following mZ'ehhod 

of
the described in A.O.A.Q 

9. The aqueous extract of the PK seeds (100 mg/ml) wassubjected to polyacrylamide gel electrophoresis following the
procedure described by Plummer (1979). 
 The protein bands were
stained with amido black and their intensity was read at 640 nm
in a 
'Biochem' densitometer.
 

RESULTS 

Fig.1 shows that in the first two months after harvest,only SK germinated. SH and PK began germinating only after 2-3months storage. 
All samples then gave incrcasing germination
to a peak between 6 and 8 months followed by a marked decline

through 12 months.
 

SK and PK each showed some germination with 4 daytreatiuent while SH began to germinate only after 12 days 
pre-

pretreatment (Fig.2). Germination of SK was maximum after 12 dayswhile SH and PK showed maxima at 16 days. All showed amoderate decline after their peak. 

The samples were responsive to pretreatment temperatureover the range of 25 to 35 0 C, all showing maximum germinationat 350C and nil at 200 or 400 C (Fig.3). 

The three samples of Striga germinated to differentdegrees, over the range of-  350C (Fig.4). SK and SH both
showed maximua germination at 350C, while PK germinated best ofall at 30 0 C. 

Only SK and SH samples germinated in ethephon and
in cAY:P or methionine (Fig. . 

only SK 

PK was germinated in root exudate/root system of onlyP. scrobiculatum and not by those of sorghum or millet. Theper cent germination recorded were in exudate33 root and 23 on 
root system. 
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(3.4) 

00 
40 

.!.I 
((2.6)4-.2 

A- 20 -(

(2 1)" ( 02) 16 200 	 1284 

Pretretmant duration (days) 

Effect of the durr.Orion of prtreatment on seedFig. 2. 
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S. asiatica 
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Pretreatment Temp. ('C) 

Fig. 3. 	 The influence of pretreatment-temperature 
on seed germination in the difrent field 
Sfamplet of S.asiatica in GR70IJg ml 1 ) 
medium. 
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0 SH

A PK (S.D.) 
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C 	 / (14.2)
0 
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Fig.4. Seed germination in GR71 ugml - ') of 

the different field samples of S. asiatiga 
at different temperatures following 
pretreatment at 35"C for 10 days. 
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Fig. 5. 	Seed germination of the different field samples 

in the media of different synthetic compounds. 
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The sample PK could respond to kinetin only if pretreated;with five day pretreatment the germination occurred only at 25(9%) and 50 Fg/ml (4%). With the extension of pretreatment to0 days, germination occurred at all the concentrations tested
Fig. 5). 

PK seeds gave 55 germination at 1 pg/ml of GR 7;
10 pg/ml, it was reduced to 13%. Further 
at
 

increase in the concentration to 100 Fg/ml, the germination was inhibited totally. 

The total phenolic level was 425 pg/g *"if PK seeds ascompared to 380 pg/g in SK and 530 Fg/g in SH (Bharathalakshmi
and Jayachandra, 1979). 

The electrophoretic separation of seed proteins showed
 seven distinctly visible bands (Fig.6).
 

1.0-

I0-

U 

04 
a. 

2. 4 6 a 10 12 

PI P2 P3P4 P5 PG p7 

Fig. 6. 	 The electrophoetic pattern
of seed proteins in PK 

DISCUS3ION
 

The data in Fig.1 show that the three samples of Strivaried in their requirement of after-ripening. SK that afterripened faster than 3H and PK showed considerable germinationwith storage for just one month and this was comparable to theAbu Naama strain of S. hermonthica that gave remarkably high 
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of storage (Reid and Parker,
germination within three months 

all the samples declined with
 1979). The germination in effects of proand similar adversestorage beyond 6-8 months Kust (1963).
longed storage on viability has been reported by 

The S samples of he present study differed signi-
SK and PK 

response to pretreatment duration.
ficntly I-their SH a comparwhereas inpretreatmentresponded to four days of 

only with 12 days of 
able percentage of germination occurred 

of the SKper germinationThe decline in cent
the treatment. is in conformity 
and FK samples under prolonged pretreatment 

with the reported adverse eff'ects 
of similar treatment in the
 

(Brown and Ewards, 1944).asiainon-Indian strains of S. 

seeds of Strfia are reported to 
get


from thei.hibitors et al.,i979 
leached out during pretreatment .Jt,1966; Hsiao 

^ The seeds of the PK sample of ig+ is shown to con Tan 
andSH (BharathalakshmiLoids_-neandas do those ofpheriolic germination inhi-Phenolics are well known

Jayachandra, 1979). ranked highest1978). SH
(1,Ucyer and Poljakoff-Mayber, PK SHbitors followed by and

phenolic level and wasin the titoa 
from where SK was collected receives rela

samples. Ki~kMri, pre
tively higher ra.infall particularly during the natural 

Halli. It is proposed
of the sample than H.B.

treatment period SH could be due to the 
that the longer pretreatment required by 

higher phenolic content. Likewise, the higher phenolic content
 

that of SK might have been one of 
the reasons
 

of PKI tbhn 
explaining its longer optimal period 

than that of the latter
 

though both the collections were 
made from the same locality. 

The samples of Striga differed significantly 
in their
 

response to the different temperatures 
during pretreatment and
 

The favourable range of temperature 
was broader
 

germination. All the three
 
in SK (25-350C) than in the other 

two samples. 


samples differed from the American 
sample of S. asiatica which
 

above 4O0C (Nelson, 
is reported to germinate even at 

200 C and 

1957).
 

The marked increase in germination 
per cent in SH and PK 

when pretreated at 35 and 30°C, 
respectively correlated with
 

the temperatures prevailing at 
their respective regions of
 

The optimum temperature for germination 
in these
 

atcollection. temperatures
amples again correlated with the 

two Striga 
Thus the differential response 

of these
 
Bellary and Kdkheri. 
samples would refilect their 

adaptation to the temperature 
pre

vailing during the usual pretreatment 
and germination periods
 

two different places.
of the parasite at the 

Only Sorghum-Strigas were responsive 
to ethrel; PK stood
 

that is found
 to ethrel, a formulation 
unique in not responding 
to be very effective as an 

inducer of seed germination 
in many
 

The sample
e al., 1971).
(Chancellorweeds including Striga 
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SK was distinct in responding to cA~14P and L-methionine.
 

PK( sample could germinate with the root exudate/root
system of only that crop but not with those of the other host crops pointing to the host-specificity of the sample and thus
it differed from the other strains of Strg reported earlier

from India (Bharathalakshmi and Jayachandra, 1979). This
sample resembled SK in not responding to kinetin without pre
treatment; but the optimal concentration of kinetin and the per

cent germination of the pretreated seeds of the former were

lower than those of the latter. Paspalum-Striga could tolerateGR 7 at 10 pg/ml in the germination media to a greater degree

than the Sorghum-Striga could.
 

The seed phenolics in PK correlated well with its germina
tion in root exudate/kinetin/GR 7 in comparison with the two
 
strains of Sorahum-Strigas (Bharathalakshmi and Jayachandra,
 
1979).
 

The electrophoretic pattern of the seed proteins ofPaspalurn-3triga was different thatalso from of Sorghum-Striga.
The intensities of Pi and P2 corresponding to Al and A2 bands
of the Sorghum-Striga, were more intense but the optical

density of P5, the second major peak corresponding to A3, was
 
lower. 
 The bands P3, P4 and P7 were characteristic of the
 
sam'ple. 

Thus the present study reinforces the suggestion made

earlier (3harathalakshmi and Jayachandra, 1979) that these
samples are distinct intraspecific physiological variants.This
 
study also points strongly to the occurrence of yet another
 
variant of S. asiatica adapted specifically to the host -
Paspalum in-India. Paspalum, reported to be singularly free
from pests and diseases and-also remarkably drought-resistant

(Aiyer, 1966), is cultivated in gravelly and poor soils of arid
belts and adaptation of Striga to 
such hardy crops lessens
 
intraspecific competition of the parasite, increases the chances
of its survival and thus contributes to its success.Differences 
among the host crops of the different Striga samples and the
weather conditions prevailing at the places of their collection 
seem to be important in influencing the adaptations in these
 
variants.
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HAUSTORIAL INITIATING ACTIVITY OF SEVERAL SIMPLE PHENOLIC
 
COMPOUNDS.
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Abstract. 
The ability of several simple phenolic compounds to
induce primary haustoria of Striga hermonthica (Del.) Benth.
 
has been tested. Activity was shown when a methoxyl group

occupied a meta-position and a hydroxyl group a para-position.

The most active compound tested was the benzoic acid derivative
 
syringic acid.
 

INTRODUCTION
 

Striga species are root parasites and obtain most of their
 
resources from their hosts. 
Transfer of host resources occurs
 
via haustoria.
 

Haustoria are thought to be initiated by chemical
 
recognition factors produced by the host roots. 
 Steffens et al
 
(1982) have shown that for Agalinin purpurea (L) Raf. a high

degree of molecular specificity is required for haustorial
 
induction. For the two flavonoid haustorial inducers,
 
xenognosin A and B two major structural features are important:
 

(i) A meta relationship of hydroxyl and methoxyl groups,

(ii) An alkyl branching ortho to the methoxyl substituent.
 

Once a haustorium has been initi. ted, full contact with
 
the host stele only occurs after any physical or chemical
 
defences that the host possesses arc overcome (Saunders 1933,
 
1942; Maiti and House, 1982).
 

In plant resistance to fungal pathogens and insect pests,

phenolic compounds are known to have an important role. Guenzi
 
and McCalla (1966) identified and quantified five phenolic

acids in mature plant residues of Oats (Avena sativa L.), Wheat
 
(Triticum aestivum L.), 
Sorghum bicolor (L.) Moeuch and Maize
 
(Zea mays L.). These compounds were p-coumaric, syringic,

vanillic, ferulic and p-hydroxybenzoic acids. This paper

reports the effect of these and similar phenolic compounds on
 
the induction of primary haustoria of Stria hermonthica (Del.)
 
Benth.
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METHODS AND MATERIALS
 

Bioassays were carried out in a Nunclon Microtest Plate
 

containing an 8 x 12 array of flat bottomed wells (dimensions:
 

top 7 mm, bottom 6.4 mm, depth 11.25 mm). Each tray was
 

supplied with a lid.
 

A S. hermonthica from a sorghum host, collected in Sudan
 

(Abu Naawa, 1980) was preconditioned as by Reid and Parker
 

(1979) and then approximately ten seeds were transferr-ed to
 

il of root exudate (sorghuncv. feterita)
eac well with 50 

The trays wsre enclosed
Collected as by Parker et al, 1977). 


50 pl of

in a plastic bag and incubated for 24 hours at 33 C. 


the test solutions was placed in each well, the trays resealed
 

in a plastic bag and incubated for a further 24 hour6.
 

Observations were made at x 40 magnification using a binocular
 

The compounds tested and the concentrations used
microscope. 

are shown in Table 1.
 

RESULTS AND DISCUSSION
 

The ability of the phenolic compounds tested to stimulate
 

the formation of primary haustoria of germinated Striga 
is
 

From these results it can be seen
shown in Tables 1 and 2. 

that for haustorial initiating activity to be shown a 

hydroxyl
 
This is similar to the
and a methoxyl group must be present. 


(1982).
jgalini-xenognosin A system of Steffens et al 


Steffens et a). (1982) found that for the Agalinis
;he presence of hydroxyl and methoxyl groups
xenognosin system 


was important, activity only being expressed when 
both groups
 

These results show that for
occupied a meta-position. 

initiated when the hydroxyl group
S_ hermonthica haustoria are 


occupies a para-position and the methoxyl group 
a meta-


In the case of the benzoic acid derivative syringic
position. 

acid, it would appear that the presence of a methoxyl 

group at
 
No compound was tested
 both meta-positions enhanced activity. 


which contained a hydroxyl and a methoxyl at the 
meta-position.
 

Unlike the Aqalinis-xenognosin A system (Steffens 
et al
 

there does not seem to be a requirement for an 
alkyl


1982), 

branching ortho to the methoxyl substituent.
 

Further work is being carried out to test the toxicity 
of
 

the haustorial initiating compounds towards sorghum 
and other
 

hosts and the effect of these compounds on attachment 
and
 

the aim being to test whether this
 development of Stripa spp., 

could be a practical cont:ol strategy.
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Table 1. 

Compounds t :d for effects on hustorial initiation in S. hermonthica. 

x (n-5)" radicles shoving haustoria at conc. (mg/i) of test compound
 
1O ° 3  
Compound 
 10"2 10-" 100 101 
 10 103 CON'rROL
 

p-Coumaric Acid  - - 0(0)* 0(0) 0(0) 0(0) 0(0) 

Caffeic Acid  7.4 (7.4) 6.8 (6.4) 10.8(24.1) 2.8 (6.3) 0.65 (2.9) 

Ferulic Acid  46.2(28.1) 90.4 (9.1) 33.8(25.6) 0(0) 0(0)
 

Sinapic Acid 
 0(0) 0(a) 3.4 (7.6) 8.4(11.4) 87 (12) 83.4(23.5) 0(0) 0.65 (2.9) 

p-hydroxybenzoic Acid  - - 5 (11.2) 2.2 (4.9) 0(0) 0(0) 0(0) 

Gallic Acid 
 " - 0(0) 0(0) 0(0) 0(0) 0.7 

Vanillic Acid 
 - - 26.4(34.1) 82 (11.5) 95.6 (6) 0(0) 9.3 (9) 

Syringic Acid 6.2 (6.1) 24.8(15.8) 42.8(17.5) 97 (6.7) 98.2 (4) 92.2 (7.2) 15.8(12.2) 9.3 (9) 

Vanillin - - 7.8(11.4) 34.6 (8.8) 94.2(13) 95 (11.2)  0(0)
 

O-vaniI in -  0(0 ) 0(0) 14.5(17.1) 0(0) 0(0) 

Scopoletin - 0(0) 00) 0(0) 0(0)- 0(0)
 

3,5-Dimethoxy Benzoic
 
Acid 
 - - 0(0) 0(0) 0(0) OW() 0(0)
 

* 
 Figur,.s in brackets ire standard deviations.
 

(SD)
 



Table 2. 

Strtlctvra1fomalae f cempaunde tested, and their effect o0 haustorial formation 
inShrot ICa
 

Approxiuate conc. (mg/I) stimulating 
Compound 502 of radictes to form haustoria.CH:CH.COOfl
 

p-Coumaric Acid None
 

Caffeir Acid None
 

lI :CI.C(XOi 

Ferulic AcidHIO 
 j 

al: CIL. COOH 

Sinapic Acid 2.5
 

N3CO0 ' 

p-Htydroxybnxoic Acid 0 None 

ONt
 

C2H
 

Vanillic Acid 2.5
 

H3 ~J 

OH
 

Syringic Acid 0.1
 

H3cO ). 12t 3 
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ASPECTS OF THE RESISTANCE OF SORGHUM VARIETIES 
TO STRIGA SPECIES
 

N.H. DIXON, and C. PARKER, AFRC Weed Research 
Organization, Yarnton, Oxford
 

OX5 1PF, U.K.
 

on resistance of sorghum (Sorghum bicolor
 Abstract In studies the 

to Striga hermonthica (Del.)


(L.) Moench) varieties (especially N13) 


Benth., the possibility of three previously unrecognised 
resistance
 

resistance, have been identified.
 mechanisms, or contributory factors to 

in the degree to which they
 

Firstly, varieties have been shown to differ 

Striga seedlings; secondly they may


stimulate chemotropic behaviour of 

a characteristic
 

interact differently with soil microflora 
such that 


thirdly varieties may
inhibits Striga development;
rhizosphere flora 

morphology and hence the availability of attachment
 

simply differ in root 

is proposed that the resistance of N13
 

the upper soil layers. It
sites in 
 evidence that
 
may derive from a combination of these factors. There was no 


it 4as influenced by differential haustorial initiation.
 

INTRODUCTION
 

the genus Striga require a
 During their life- cycle, root parasites of 

seeds are able to
 

number of different conditions and stimuli before the 

a suitable host.
attach themselves to
with and
germinate, make contact 


warm moist conditions before they
Briefly, Striga seeds need a period of 


to germinate (pre-conditionlng or pre-treatment), 
germination can
 

are able 

exudates in the vicinity of
 

then be triggered by the presence of host root 

to come into
 

the seeds. After germinating, the Striga seedling then has 


a host root, attach itself to that root and penetrate the
 
contact with 


tap the host vascular system.
to
cortex and endodermis before it is able 

these stages in the life cycle fail.
 

The Striga will die if any of 


be resistant to Striga

A number of sorghum varieties are known to 


is believed to 
be resistant
 
attack for one reason or another, e.g. Framida 


because of low stimulant production (Williams, 1959) yet other varieties,
 

resistant despite high stimulant production (Parker et al,
 
such as N13, are 


is to try and understand these
 1977). One purpose of the WRO project 

so help the International Crop Research
 resistance mechanisms, and 


the Semi-arid Tropics (ICRISAT) in the development of
 
Institute for 


Apart from the generally assumed
 
screening methods (Parker & Reid, 1980). 
 or
to penetration through endodermal 
possibility of mechanical resistance 


other tissues (e.g. Maiti & House, 1983), 
other possibilities include a)
 

elicit the necessary chemotropism in
 
that the resistant variety does not 


elicit haustorial initiation, c)
 
the Striga seedling, b) that it does not 


interferes
'resistant' varieties 
that the rhizosphere microflora of the 


d) that the resistant variety simply has less
 
with Striga development, or 


root available 
for attachment.
 

This paper describes a number of investigations 
which have been made,
 

of host
 
confirm that Striga seedlings grow towards a source 
firstly to 


123
 



root exudate 
as reported by Saunders (1933) and Williams (1961) and which
is to be expected if the seedlings 
are to have the greatest chance of
survival; 
 secondly to determine if the exudates of resistant and
susceptible varieties of 
sorghum differ in their potential to induce
chemotropic responses in Striga.
 

Once 
the Striga has contacted a sorghum root, the next stage necessary
for successful development 
is that of haustorial formation. 
Experiments
were  t up to compare different varieties of sorghum for their potential

in this respect.
 

The possibility of interaction of soil microflora with Striga was
prompted by observations on unhealthy root 
systems in experiments using the
'polybag' technique (Parker & Dixon, 1983), and experiments were conducted
using cultures of organisms isolated from such bags, or natural soil

inocula.
 

The distribution of 
roots with depth might also have
the resistance of sorghum to Striga from the simple fact 
some bearing on 

that if a varietyof sorghum produces relatively little root 
in the
seeds in this 
top 10 cm, then Striga
zone will have only a slim chance of germinating and
successfully contacting a root.
 

METHODS AND MATERIALS
 

Chemotropisi
 

The method used initially for these experiments was that used by
Whitney and C(racen (1981) for similar studies 
on Orobanche spp.
 
Sorghum 'Sorghum bicolor (L.) Moench) plants were 
sown in acid-washed
sand, 25 per pot, using the double pot technique (Parker et al, 1977).
9 cm diameter pots The
were watered with distilled water and maintained for ten
to fourteen days in the 
glasshouse, as 
a source 
of root exudate.
Meanwhile, seeds of S.hermonthica, collected from a sorghum host in Nigeria
(WRO 77-38), 
were surface sterilised for 12 minutes in sodium hypochlorite
solution (1% available chlorine), rinsed in sterile distilled water, placed
for pre-treatment 
on glass fibre filter paper (Whatman G/FA) in 9 cm petri
plates and incubated at 230C.
 

Tap water agar plates were prepared using 10 ml of 1.5% dgar per 9 cm
plate. Small holes (2 
mm diameter) were drilled around the 
base of the
plates and a 1 cm diameter circle of agar was 
removed from the 
centre to
create 
a well in which the exudate 
source could be placed (Figure 1).
 
When pre-treatment of the seed was completed the filter paper was
dabbed to 
remove excess moisture and 
germination inhibitors, and inverted
over the agar. Slight pressure on the 
filter paper helped to transfer the
Striga seeds from the 
filter paper to 
the agar plate.
 

Root exudate in the form of a 
 root solution was removed from the hostsand prt hy suction. This root solution was then concentrated by 

124
 



dryness
 
extracting twice tith equal volumes of 

ethyl acetate, evaporated to 


under reduced pressure, and residues brought 
back into solution in 10 ml
 

pipettad onto coils of
 
ether. This concentrated stimulant in ether was 


filter paper (1 cm x 9 cm) 	and the ether allowed to evnporate. The coils
 

were then placed in the central well in the agar plat t, wetted with 1-2 ml
 

of distilled water, and the plates placed in 14 cm dishes with sufficient
 
a
smaller plates thus acting 	as 


in them to cover the holes 	in the
water 

development of a concentration gradient
 sink for the exudate and aiding the 


The complete assembly was incubated at 330C
 
of stimulant across the plate. 
 was necessary to
 
for 48 hours prior to assessment. During this time it 


source occasionally.
re-water the stimulant 


A B F 
E--DC 


A. 14 cm petri dish B. 9
 
Figure 1. Arrangement for 	chemotropiam study. 


E. filter paper
D. 1.5% tap water agar
cmpetri dish C. distilled 	water 

exudate material F. Strlga seeds.
 

coil impregnated with root 


the radicle
 
scored by assessing the final direction of 
Plates were 


right angles to the
 
away from (negative), or at 
apex; towards (positive), 


(neutral).
stimulant source 


Haustorial initiation
 

before and then
sterilised and rinsed as
S. hermonthica seeds were 
 on a
 
diameter discs of glass fibre filter paper arranged


placed onto 8 mm 

The filter paper was
 

full sheet of filter paper 	in a 9 cm petri plate. 

incubated at
 

a slight excess with distilled water and 
the plates


watered to 

230C.
 

A suitable sorghum variety was grown using 
the double pot technique to
 

provide exudate to germinate the Striga seeds, for the first experiment
 

Thereafter a 1 mg/l solution of the synthetic germination stimulant
 
only. 

GR7 was used (Johnson et al, 1976).
 

Host root material for the first experiment was obtained from 12-15 
cm
 

long primary roots of plants cultured in polyethylene bags (Parker and
 

1 cm whole
 
Dixon, 1983) and applied to the discs of Striga seeds as 


taken from
 
For the second experiment, 	root material 

was 

sections. 


the glasshouse and applied 	to discs
 
established plants growing 	in pots in 


in 10 ml. distilled
 
as 20 PI of a macerate of I g of 
of Striga seeds 	

root 

or 36 hours
 

the same time as the germination stimulant 
water, either at 

the incubator and haustorial initiation waf
 

returned to
later. Dishes w-re 

assumed to have commenced if the
 

later. Initiation was
observed 72 hour 
 root hairs. Further
swollen and had produced
tip of the radiL t was 

the Results section.
details are provided in 
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Microflora
 

These studies all involved the polyethylene bag technique described by

Parker & Dixon (1983). Briefly this involves standard 120 gauge

polyethylene bags containing a sheet of glass fibre (Whatman CFA) filter
 
paper, and moistened with a suitable nutrient usually 25% Hewitt's solution
 
(Hewitt, 1965). Striga seeds are sprinkled onto the moist paper and the

bags are then flattened to excluie air bubbles and suspended by folding the
 
top over a length of split cane. After 7-10 days at 230 C to allow
 
pre-conditioning, a pre-germinated sorghum seed is introduced near the 
top

of the bag. When the sorghum roots are suitably developed, the temperature
 
is raised to 33°C to encourage Striga germination and the progress of
germination, attachment and penetration can be 
followed under a low power
 
microscope.
 

By suitable sterile techniques che microflora in the bags can be
 
controlled, but considerable care is needed and it 
was noticed in one

'polybag' experiment that the S. hermonthica seedlings which had not beer
 
successful after germinating were heavily infected with bacteria. 
 Samples

of these unhealthy Striga were macerated and plated out onto bacterial
 
media (BBR and FP agar media). It was found that those seeds taken from

bags containing N13 had a much higher number of bazteria present than those
 
from Feterita. 
 Of these bacteria the majority were identified as
 
pseudomonads. Two distinct types were 
plated out and cultured for future
 
use.
 

Three experiments were done to examine the 
effect of non-sterile
 
conditions on the performance of Striga. The cultured pseudomonads were
 
introduced to the polybags in the nutrient solution or a natural soil
 
,nicroflora was added to 
the system by dipping pre-germinated sorghum seeds

into a slurry of soil and water before introducing them into the bags. 
The
 
soil was taken either from pots with sorghum (2219B) already established,
 
or from a stock of the same (Yarnton) sandy loam soil.
 

Root distribution
 

Observations were made 
on plants grown using the polyethylene bag

technique described above. For the 
first experiment five seeds each of N13
 
and Feterita were set up in the polyethylene bags and daily root growth

marked on the bag in felt pen. 
 A further two experiments involved the use
 
of an Optimax image analyser to measure root plan area, after careful
 
removal from the bags and filter paper and placement on a black background
 
to give good contrast for the image analyser.
 

RESULTS AND DISCUSSION
 

Chemotropism
 

A preliminary experiment (results not presented) was somewhat
 
inconclusive in that the proportion of Striga seeds showing a tropic

response was small. However, amongst those that did show a tropic
 
response, the reaction was significantly different between Feterita and
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the
 
N13, the tropism being more distinctly 

positive when Feterita was 


source of exudate.
 

The second experiment in the series confirmed the different response of
 

S. hermonthica to the exudates from N13 and Feterita (Table 1).
 

Table 1.
 

Chemotropic behaviour of S. hermonthica 
in response to root exudates of two
 

sorghum varieties
 

Sorghum vriety Orientation*
 Neutral
Negative
Positive 


489 (45.7) 288 (26.9) 294 (27.4)
 
Feterita 
 15 (25.7)
244 (35.8) 262 (38.5) 


brackets are
N13 
five replicate plates, figures in 


* Figures are totals of 


expressed as a percentage of those germinated.
 

The third experiment in the series extended the number of sorghum
 

four, two resistant (N13 and Framida) 
and two
 

varieties examined to 

Data for the first two zones only are
 

susceptible (Feterita and 2219B). 

the differences were
zone two
presented in Table 2 as beyond 


insignificant.
 
Table 2.
 

Chemotropic behaviour of S. hermonthica 
in response to four sorghum
 

varieties.
 
Orientation
 

Zone 2
Zone I
Sorghum 

2.5 cm from source)
1.5 cm from source) (1.5 -
variety (0 


positive negative

positive negative 


47 (26.3) 39 (21.8)

156 (26.9) 93 (16.0)
Feterita 


47 (19.6) 99 (41.3)
 
N13 116 (18.9) 205 (33.9) 


11 (35.5) 14 (45.2)

74 (22.8) 147 (45.4)
Framida 


137 (34.5) 109 (27.5)

181 (31.5) 127 (22.1)
2219B 


totals of four replicate plates, figures 
in brackets expressed
 

Figures are 


as a percentage of seeds germinated. 
Data for 'neutral' seedlings are
 

omitted.
 

subjected to Chi-squared tests (using
The above data were 

found to be highly significant
the results were
Yates'correction) and 
 sorghum with
 

(probability <.001) when comparing 
resistant varieties of 


The results comparing susceptible with 
susceptible
 

susceptible varieties. 1.5
Data from Zone 1 (0 insignificant.
and resistant with resistant were 


cm from the stimulant source), which 
is probably greater than the maximum
 

In Zone 2 the negative
 
a Striga radicle, are highly significant.
range of 

to N13 stimulant was still significant 

whereas the response to
 
response 


longer significant.
Framida was no 


least
 
therefore, that the susceptible varieties elicit at 


It appears 

much as might be expected, while
 

some 
positive chemotropism, though not 
as 


the resistant varieties do not, and may conversely 
have a negative or
 

repellant effect.
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To appreciate the significance of this response it 
is useful to
 
consider the geometric relationship between a Striga seedling and a host
 
root in the soil. 
 The chances of a Striga seedling germinating within a
 
circle of known radius around 
a root of known radius and making contact
 
with that root by chance can be calculated as in Table 3.
 

Table 3.
 
The chances of a Striga seedling making contact with a root, assuming

random directional growth.
 

Striga seedlings within a radius of
 
Radius of root (mm) 
 1 2 4
3 mm
 

0.1 1/18 1/34 1/49 1/65

0.5 1/4 1/7 1/11 1/14

1 1/1 1/4 1/6 1/7
 

The figures in Table 3 ansume no 
chemotropic response. Therefore,

given the maximum range of 
a Striga radicle is 4-5 mm, and assuming there
 
is stimulation of germination up to 4 um, only 1 seedling out 
of 65 of

those germinating within that radius will make contact by chance, with a
 
root 
of 0.2 mm diameter and only 1 in 7 with a root of 1 mm diameter.
 
Induction of a negative chemotropism by the host root exudate would further

reduce the chances of the Striga making contact with a suitable host root,

while the reverse ,would be true 
for any sorghum producing a positive
 
response in the Striga. 
Relatively small differences in chemotropic

stimulus could therefore have very large effects on 
"resistance".
 

Haustorial Initiation
 

The results presented in Tables 4 and 5 suggest that varietal
 
differences are inconsistent and vary according to 
the section of host root
 
used as a stimulant source. 
 The area initiating the most haustorial
 
development was 
the most mature section used, i.e. that taken from below
 
the seed where it might be 
thought that the Striga would encounter some

difficulty in penetrating the host. 
 The actively extending section of the

host root produced the next highest inducement of haustoria.
 

Table 4.

Induction of haustoria in seedlings of S. hermonthica (WRO 75-1 ex Sudan)

bylengths of root from different root 
zones of four sorghum var 4eties.
 

No. with haustoria as % of those germinated (mean of 3 reps.)
 
Section of host root
 
(cm from tip) below
 

Sorghum Tip 1 2 3 
 4 seed
 
N13 39.5 53.0 33.0 39.0 48.5 55.0
 
Feterita 51.0 DM* 50.0 30.0 
 50.0 80.0
 
2219B 62.5 45.5 27.0 40.0 36.0 
 79.0
 
SPV103 31.0 22.6 47.0 29.5 
 24.0 78.0
 
SEM - 17.8
 
* D.M. data missing. 
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the Striga seeds simultaneously with
 When root macerate was added to 


the germination stimulant CR7, very high 
levels of haustorial initiation
 

as much as Feterita and 'clean'
 
were observed, N13 stimulating at least 


than roots in contact with soil. When
 
more
root initiating somewhat 


36 hours after germination,
material was delayed for 
contact with root 
 the higher temperature
reduced, particularly at 
haustorial initiation was 


of 330C.
 

Table 5.
 

Induction of haustoria in seedlings of S. hermonthica (WRO 76-3 ex Sudan)
 

by root macerates of two sorghum varieties.
 

% of those germinated
No with haustoria as 

Root macerate 
 Root macerate added
 

Source of roots* 

36 hours after GR7
and GR7 


simultaneous
 
230C
330C 330 C


Incubation temp. 

34.5
19.7
79.0


N13 (soil) 
 36.3
20.4
98.8

N13 (clean) 
 42.9
16.5
58.8

Feterita (soil) 
 38.6
24.4
83.9

Feterita (clean) 
 0
0
0

Water control 


- 4.33
SEM 
mass, in contact with soil.
 

"soil" indicates roots from the side of 
pot 


the pot.
from the coil in the base of 

"clean" indicates roots 


seem that low production of
 
An the basis of these experiments it would 


the resistance of sorghum
contributing to

haustortal 'initiant' is not 


variety N13.
 

qoil microflora
 

resistance when grown
 
Sorghum variety N13 generally fails to show its 


were
 
"polybag" system using sterile procedures. 

Three experiments

in the 


conducted to detprmine if a more natural system, 
in which a soil microflora
 

expected differential between N13 and 
the
 

is present, would produce an 

Results are presented in Table 6.
 susceptible variety Feterita. 


Table 6.
 
two varieties of sorghum
 

The develnpment of S. hermonthica on the 
roots of 


(3 expts.) and pseudomonads (I
bysoil inoculum
in polyags' as influenced 


expt. only)
 

Mean No. of Striga attached per bag (No. of replicates in brackets)
 

+ Soil inoculum + pseudomonads
Nutrient only 

N13 Feterita
N13 Feterita
N13 Feterita 


8.3 (4) 8.4 (3) 19.5 (4)
9.0 (4) 1.7 (3)
Expt 1. 6.0 (4) 

17.1 (8)


Expt 2. 2.0 (7) 8.0 (8) 4.9 (8) 


5.6 (5) 26.8 (6)
Expt 3. 1q.8 (4) 6.8 (4) 

4.5 1.4
7.8 7.9
Mean 
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The analysis of the data from the first experiment indicated that the
addition of soil inoculum or pseudomonads had significant effects 
on the
expression of resistance to Striga attack. 
While the differences between
the cultivara in the nutrient (control) treatment were insignificant, both
treatments caused a significantly (P < 0.05, using Student's T-test)
greater number of Striga to develop on the susceptible variety Feterita.
Numbers 
on N13 were not significantly increased by pseudomonads and were
decreased by soil inoculum, hence the differential between the resistant
and susceptible cultivars was 
significantly increased.
 

In the further two experiments, the increased success 
of Striga on
Feterita in the presence of a soil flora was confirmed. On N13, soil again
caused a decrease in Striga in experiment 3, but in experiment 2, numbers
were very low in the nutrient control and in the presence of soil, numbers
were increased to a level comparable with that in expts. 1 and 3. 
It is
possible that 
 '
rility was not adequately maintained in the N13 nutrientcontrol in Expt ., with a consequent reduction in Striga attack comparableto or apparently even more effective than that caused by soil. 

This series of experiments cannot be regarded as 
conclusive but it is
strongly indicative that the resistance of N13 may be reinforced by certain
soil microflora, while the susceptibility of Feterita is increased.
Theoretically this could arise from a different balance of organisms being
favoured in the rhizoaphere of the two varieties, and those favoured by N13
including some with pathogenic potential on Striga. However, there could be
other explanations relating to 
the factors discussed elsewhere in this
paper. 
For instance, the microflora may influence the production of
chemotropic stimulus, 
or 
the length, or susceptibility of the roots to
attachment and penetration. 
Further studies are in progress to obtain a
 
fuller explanation.
 

Root distribution
 

The results of the first set of observations showed little 
or no
difference between N13 and Feterita in the growth rate of the primary
roots. However, N13 produced only half as many lateral roots as 
Feterita
and the total length of these roots averaged 63 mm per plant compared with
261.5 mm per plant for Feterita. 
 So in the very early stages of
development the susceptible Feterita was producing considerably more root
 
length than was 
the resistant N13.
 

Table 7.
Plan area of sorghum roots at different "depths" in polyethylene bags.
 

Root area in transect 1.65 cm deep x 10.5 cm wide (mm2)
 
(mean of 8 replicates)
Sorghum Top 


Bottom

1 2 3 5 7
4 6 8 
 9 10
N13 159 191 217 223 243 255 276 333 458 751
Feterita 194 277 315 
 352 447 567 798
541 621 1278 

SEM - 41.90 
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set up to examine the
 
This was confirmed when plants 

from an experiment 

removed
 

soil microflora and Striga infection 
were 


possible interactions of 
 image analyser
 
from the bags and the plan area of 

roots measured using an 


small between experimental treatments 
but
 

(Table 7). Differences were 


distinct differences between the 
cultivars N13 and Feterita.
 

there were 


CONCLUSIONS
 

Previously, the search for resistant 
varieties has been mainly
 

or two aspects of the life cycle of Striga_, for example
 
concentrated on one 
 or mechanical barriers within
 
low stimulant production by the 

host plant 


root offering resistance to penetration 
of the vascular system.
 

the host 

a number of other factors, acting 

separately, or
 
It now appears that 


to 'resistance' to Striga attack.
 collectively, can contribute 


shown to be an important potential 
for
 

In particular there is 

or even by a lack
 

resistance by negative cheinotropism 
(a repellant effect) 


the chances of Striga seedlings making contact
 
of positive chemotropim as 
 The results of "in vitro"
 

root by random can be quite small. 
with the 

exudates separated into solvent rather than living roots,
 

tests using root in progress to
 
be regarded as fully conclusive and further work 

is 

cannot 
 direct
 
confirm the differences between 

varieties, using other more 


elucidate whether differences between 
varieties result
 

techniques, and to 


from differential production of 
chemotropic substance, a masking 

effect of
 

perhaps from different gradients of
 
other inhibitory substances, or 


pH in the rhizosphere.
nutrient or 


stimulate haustorial development 
of Striga does not
 

Lack of ability to 


so far appear to be a contributory factor in resistance of sorghum.
 

resistance when
normally show its 

The sorghum variety N13 does not 


grown under sterile conditions in polyethylene bags and the results 
with
 

deliberate innoculation with soil 
microflora suggest the resistance may be
 

The
 
associated with and dependent upon 

a certain rhizosphere microflora. 


the susceptible varieties
 not induce resistance in 
same inoculum does 

roots of different varieties favour 

the
 
This may indicate that the


tested. the flora favoured by
and that 

development of distinctly different floras, 

otherwise interferes
 
N13 is either more directly pathogenic 

to Striga or 

The
influence on chemotropism. 


with Striga attack, perhaps even via an 

root systems
in each case and affect the 


be the same
flora could, however, 

Further work is needed to clarify these possibilities.
 

differently. 


possibility that quite simple differences 
in root
 

Finally there is the N13 is shown to
 
morphology can contribute significantly 

to Striga attack. 

have significantly less branching and hence length of root in th upper
 

polybags, and comparable differences 
have been observed in
 

10 cm depth of 

pot-grown plants.
 

not ruled out
 
resistance by mechanical barriers 

is 

The possibility of 
 some further important
have identified 


by these studies but we believe 
we 


can contribute to resistance, which, if confirmed
 
characteristics which 
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coUld be atilined in a recistance breedinp programme. All the techniques
used give roults in a relativaly short period of time (the longest time span being about four v.ekc for the polyethylene bag experiments) andinvolve the use of simple &nd readily available materials. The use of suchtechniques in ccreening progriammes could speed up the identification of
'resistant' t iaits in a ;4ida range of cultivars. 
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TWIUES FOR SZTIN UP P0T nrcInEMITS INVOLVING THE PARASITIC WMD 

STRIA 

and C. PAmER, AFr wed Research Organization, Yarnton,Anita K. WL0nso 
Oxford OX5 IP, U.K. 

used at tti fted Research Organization (W10)
Abstract The basic techniques 
to set up and ew-cute pot experiments iwc-I-'ing the parasitic weed Strtga 

r iz presented and dittcussed with 
are dxcribed. Variations in techniqui: 
regr to obtaining uniform growth of Clu hit, predictable and uniform 

le cf Strtga infection and differntc.,l hehaviour of resistant and 
esur,*.ble host varieties. Factors tht of particular importance 
's of Strtga seed per pot and

inclzu , temperature, light intensity, nudr, 

intexactions of soil fertility (especi.4b2l! nitrogen) with pot size.
 

Tr Wed Research organization ( O) at Oxford U.K. ham had an 
The earlier pot experiments were

intaxoat in Strbga for over twenty y;=ur 
iminl concerned with controlling tho I-asite by herbicides (Parker,
 

1974), but in more recent years exp:m i ts have been related to varietal
 
ard Reid, 1980).resistance of the host plant (Parker 

Over the years much experience hi: been gained in obtaining some 
relatively difficult experimental plant. The

control ovor the growth of a 
-nd objectives of setting up pot experiments with Strtga are to obtain

aims 
b) predictable and uniform levels ofa) uniform growth of the host, 

resistantStrti-g infection, c) differential behaviour of susceptible and 

varieties.
 

influence these aims and objectives andThere are many factors which 
at

play a part in the success of an experiment. The basic techniques used 


WRO for setting up and assessing an experiment are presented, and the
 

factors involved in producing the right conditions to fulfil the aims and
 

objectives are discussed. 

METH00S AND NRTERIALS 

The basic procedures 

soil comes
These have changed little over the lat twenty years. The 

from two local sources, Begbroke Hill and Yarnton. Both samples are very 
pH of 7.5. The soil is shradded and riddledsimilar sandy loam with a to 

remove any large stones and vegetation, and then nutrients are added to the 
K as


soil at the following rates: P as 18% super phosphate at 2.0 g/kgi 

48% potassium sulphate at 1.2 gjkg p Mg as coimercial magnesium sulphate 

at 0.8 gikg; N as ammonium sulphate at 0.1 g/kg, plus trace elements. 
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.Clean black plastic, free-draining pots ofpartly filled with 
12 or 15 cm diameter arestandard soil, such that the top 7 cm of the pot is leftempty. 
This is then topped up with a mixture of soil + Strtga seed. 

Samples of Str.ga seed are collected from the field and cleaned well
before use. This is achieved by passing the seed through a series of finemesh sieves with apertures of 250 and 125 pm. The seed is then given a MW
code number (e.g. 75-1, indicating the first collection of that species1975), and stored inin labelled glass containers under ambient laboratoryconditions until required for use. Periodicallyr all samples of seed aresubjected to tests to ascertain viability, and )w tage purity. Seedsare measured in a series of 10 graded scoops, ; y drilling holes ofdifferent depth and diameter in small metal ha:i, tich progress from 4-44Al volume, holding approximately
germination percentage 

550 - 6,400 iY A. Knowing theand the amount of rubi; 
use 

present in the samples,of the scoops allows cr-.trol of seed numba-s from pot to pot ortreatment to treatment and botween different exp-riments. 

The Strtga seed is mixed into the soil in one of three ways. (i) Forlarge quantities of the same Strtga seed, the measured amounts of soil andStrtga seed are blended in a cement mixer for three minutes. For smallerquantities of soil, the measured amounts are mixed by either (ii) shakingsoil and seed with trapped air in a large polyethylene bag for two minutesor, (iii) by passing the soil and seed four times through a large funnel.
All these methods give a good even mix of seed in the soil.
 

rrhe filled pots are placed on the glasshouse bench in th%requiredstatistical design at a density of 30 
- 36 pots/m. Seeds of the host
plants are sown three to a pot at a depth of 1.5 cm. During all operationsgreat care is taken to keep the equipment clean in order to prevent anycarry-over of different Strt!. seed from one treatment to another.glasshouse temperature is wt The 
at 24/18°C day/night regime, and the pots are
lightly watered as required.
 

The host plants emerge ix three to four days. They are thinned toplant/pot, and any transplanting necessary 
one 

to fill the gaps completedwithin the rame treatments. lter three weeks the temperature regime inthe glasshouse is altered to 30/229C. i.e. a minimum of 300C in the
daytime, with the temperature 
ialowed to rise over 300C periodically by
solar heating. This encourage3 germination of the Strtga seed following
the period of 'pre-conditioning'. 
The first Strtga will begin appearing
above ground from five to seven weeks after setting up the experiment. Theexperiments are maintained for 12-15 weeks, allowing two sets ofexperiments during the growing season from March to November. 

Assessment of experiments 

During the course of an experiment the growth and development of thehost and parasite are monitored regularly. The most important of theseassessments is a weekly count of the Strtga plants as they emerge from thesoil. 
This, together with observations on the growth of the host such asstuntinq, blotching of the leaves and general vigour, gives an early
 



of Striga on the bost.indication of the offect 

to the type of the experiment. A 
are made accordingassessmentsother at intervals 'hrOL-hOUt the 
one or two replicatesdestructive harvest of 

of the
&ore detailed quantitati asseset 

growing period allows for a 
the host, and reveals anyrootseffect of Strtga on the shoot and of 

as they begin to develop. Thesetreatmentsdifferences between the 
form of meauring, weighing or counting 

aLcwsa usually take thesants moreoften in conjunction with 
difierent parameters of plant growth, 

laboratory assemaments.detailed 

when making the final 
The following parwaoters are measured 


the experiment.
at the conclusion ofassessments 

of the host gives an indication of 
of shoot growh. The heightAssessment 

The height of the growing point
 
the reduction in vigour caused by Str-tg. in
on the host,of the effect of Strtga
gives a more accurate mweuurSment 

a and therefore its 
terms of its potential to produce flowering head, 

considered 
potential yield. The fresh weight of the shoot is not always 

not been watsmd evenly, but it gives 
accurate, especially if the pots have 


an indication of differences in growth. The dry "eight of the shoot is
 

and mw rot always be
but also more time consuming,more accurate in assessing(or four) parameters are eovirntial 

necessary. These three 
the niv.4>"r of tillers, and the 

shoot growth, but other parameters such as 
detailedof green leaves etc. may be made in more 

number and length 
assessments. 

very careful washing
of host roots can be time consuming because

Assessment 
is necessary for detailed measurements. 

At WR the standard practice is to 
the 

pots after the shoots have been harvested, and score 
turn out all the may also beThe pattern of root development
root vigour on a scale of 1-7. 

a subjective indication of the general root 
noted. These observations give 

are mae
detailed observations including root dry weights

growth, and more 
these observations or scoring indicate 

on any treatments or varieties which 


may be of special interest.
 

areof emerged Stri-ga plants per pot
Assessment of Striga. The numbers 

count is taken as thefinal
assessed throughout the growing period and the 

the heightar measured include 
pots are harvested. Other parameters which 

the rumber flca.iring. This shows the 
of the three tallest Strtga and 

together indicate 
the Strtga alongside the numbers per pot, which 

vigour of the more practicalof Strtoa is
the scale of the attack. Fresh weight 

few or too smallthe Strtga are tooas inparameter to measure, some cases 
Counting attuohed Strtga below ground is 

for easy dry weight assessment. 
but by the time ofwith careful washing,the early stages,possible in 

and force of washing requiredweeks the density of root
'harvest, at 12-15, 

make it impracticable.
 

to analysis of variance. Strtga
All data recordsad are subjected 

of theseVariationsusually first transformed to log data.
counts are 

are noted in the following section.standard methods 
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Oxzmo VoIR AToIS IN Tizamzgu 

Soil type 

Ssrtga in traditionally thought to be more prevalent on dry sandy 
soils but experimnts at n 
 have shown that there were no advantages to be 
gained in using a sandsoil mix over the normal sandy loam as far as it
 
affected the emergence of Strtga, as shcwn in Table 1. An 
 plain soil is a 
more convenient substrate this continues to be the standard at WR0. 

Table 1
 
Effect of two 
 soil types on the number of emerged Strtga on
 

sorghum var. YE 90L
 
Soil Type 
 No. of Strtga emerged (Nean/pot)* 

Experiment 1 Experiment 2 
S. asattica S. hermontfca S. hermonthfca 

(WRO 75-1) (WRO 77-25) (WRO 79-4)

Plain soil 1.59 1.46 
 0.96
 
Soil : Sand 3:1 
 -
 - 0.93
 
Soil : Sand 2:1 1.21 1.18 
 -

Soil : Sand 1:1  - 1.09
 
LSD (P-0.05) 0.21 0.21 
 0.35
 
* Data transformed to log 

Placement of seed in the soil and numbers of seed per pot 

Table 2 shows the results of an experiment involving seven different 
ways of placing two different species of Strtga seed in the pot. It
 
appeared that placement of seeds in the soil was not critical, but that

shallower placement resulted in at
larger numbers of plants emerging, even 
the lowest density of seeds sown. 
An the numbers emerging were sufficient
 
in the treatment most convenient to set up, i.e. mixed in the top 6 cm,

this method has been adopted for use at WRO.
 

Table 2 
Strtga emergence at different placements and different densities in the 
soil on Sorghum var. YE 90L.
 

No. of Stri-gG emerged (Mean/pot)* 
Placement of 
 S. hermonthtca S. astattca 
seed in soil (WRO 77-25) (WRO 75-1) 

400 1600 4800 500 2000 6000 + 
Mixed in top 6 cm 1.22 
 .35 1.23 1.27 1.71 1.06
 
Mixed in top 3 cm 1.42 
 1.55 - 1.24 1.49 
 -
Mixed in 3-6 cm layer 1.44 1.28 - 0.62 1.37 -
Layer at 1 cm depth 1.27 1.56 - 1.12 1.11 -
Layer at 3 cm depth 1.19 1.33 - 1.07 0.84 -
layer at 5 cm depth 1.01 0.18 - 0.69 0.34 -

Ring round edge
 
at 3 cm 
 0.85 1.25 0.96 0.99
 
LSD (P-0.05) 
 0.31
 
* Data t'ansformed to log. + - Nos. of seeds sown per pot. 



of seedfrom the lowest numbrs
Sufficient numbers of Strtga merged 

increase in emergence with the 
and there was no proportionalper pot Adifferent species..twen the 

higher seed numbers and no difference b two 
twoper pot comparedat thesecond experiment to look density of seeds 

from the same site at A.u 
samples of S. harmonthtca of different ages 

more slowly in the newer 
Sudan. Although the plants emerged seed 

Haama, and their fresh weight, correlated
mample, the final number emerged, 

The mean number of emerged 
directly with the initial amounts 

of seed sown. 
are presented in Table 

together with fresh weight per pot
Strga per pot, 

of the older seed sample followed a 
The emergence3, as transformed data. 

in the earlier experiment, (see
to the same seed samplepattern similar per pot.
plateau of emergence was reached at 400 seeds 

Table 2), and a 

Table 3. 
sown 

Emrgen and shoot fresh weights of two .qtrtgahermonthtca samples 

with sor~um var. 2219B at five different densities. 

S. hermonthtcaS. hermonthtcaNOB seeds/pot (WRD 79-8)(WRO 77-25) 
No/pot (log) Fresh wt.(g) No/pot (log) Fresh wt.(g) 

1.2 (0.25) 1.24 
10.2 (0.97) 2.58 

1.40200 3.0 (0.46)19.5 (1.24) 2.87400 8.8 (0.69) 1.74
15.8 (1.19) 2.99800 13.8 (1.12) 2.93 
20.2 (1.30) 3.051600 29.8 (1.48) 2.75 
23.2 (1.32) 3.12 

0.723200 - (0.36)- (0.36) 0.72LSD (P-0.05) 

Soil fertility
 

level of N equivalent to 0.1 g/kg
has shown that aExperience at WRO 

sulphate gives satisfactory growth of the host with good Strga 
ammonium 

but this level of N leads to weak host growth in
 
emergence in 15 cm pots, 


the smaller pot size the differential between 
smaller 12 cm pots. In 

on low stimulant
 
susceptible varieties and those with resistance based 


generally well demonstrated. Varieties 
such as Framida, isproduction, as yet poorly

which have field resistance based 
such as N13, however, 

on 
often support abundant

(see Dixon a Parker, 1994)
defined mechanisms 

at low H, and differential behaviour 
Strtga emergence in the smaller pots 

better at higher N levels.
is often demonstrated 

the emergence of 
the effects of different levels of N on 

Table 4 shows 
the growing period. The 

two sorghum varieties, through
S. hermonthtca on 

on the 
higher levels of N delayed the emergence of Strtga somwhat 

the highest K 
were eventually highest at 

susceptible Feterita but numbers 
to high K was more prolonged on K13 

The delay in emergence duelevel. two varieties. Similar 
greater differential between the

resulting in much from West Africaof S. hermonthica
results were obtained with other sample 

lack of prolongedIndia and South Africa. The 
and S. astottca from both can be understood when the

the susceptible variety
suppression of Strtga on 

cm pot and hence the limited11) in a 12 
very limited volume of soil (about 
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amount of nutrient available for the host, is considered.
 

Table 4.
Effects of three different levels of nitrogen on emergencehermnthtca (WHO 75-1) of Stro. on twsorghum varieties N13 and Feterita. 
Weeks 
 7 8 
 9 10 11 12Low N (0.1 g am. sulphate Per kg) 

13 
Feterita 
 0.57 1.16 1.23

N13 1.23 1.27 1.26 
 1.26
0.18 0.47 
 0.74 0.89 1.01
(Ratio FetgN13)*(2.4) 1.10 1.1?(4.8) 
 (3.1) (2.2) (1.8) (1.4) (1.3) 

Medium N (0.3 g am.
sulphate per kg)
Feterita 
 0.00 0.56 
 0.88 1.05 1.18
M13 1.22 1.24
0.00 0.12 
 0.43 0.60 
 0.51 0.56
(Ratio) 0.73
- (2.8) (2.8) (2.9) (4.7) (4.5) 
 (3.3)
 

High N (0.9 amu.g sulphate er kg)Feterita 0.00 0.57 1.05 1.24 1.37N13 1.46 1.49"0.00 0.00 0.00 
 0.15 0.36
(Ratio) 0.55 0.89
- 03 0 (12.4) (10.2) (8.0) (4.0) 
LSD (P-,0.05) 0.12 0.21 
 0.25 0.28
* 0.28 0.29based on actual numbers: 0.31other data are log transformations.
 

Analysis of the soil before and after an experiment using the
standard' additions in 12 cm pots showed that total nitrogen was depletedby 70% The nitrate N was reduced 
ammonium nitrogen 

by about 50% but the more available was depleted by up to 95%. Phosphorus and magnesium weredepleted by about 50% and potassium by about 75%.
depletion can be reduced by using the larger 15 
The rate of nutrient
 

a diameter pots (28
capacity). It is then generally best to keepsulphate per kg) level. With the 
to the low N (0.1 g ammonium

larger pots and higher N the vigour ofthe host shoot tends to create excessive shade and hence a furthersuppression of Strtga unlessrequires a greater pots can be spaced out more widely whicharea of potentially expensive glasshouse space. 

Temperature andlight and the effect of season 

Figure I illustrates the characteristic trends in light andtemperature through the season whichin two experiments areconducted normallyat WRO. It may be seen that there is a tendencyemergence for Strgato be lower in the second half of theillustrated season. The resultsare from different experiments but comparablearesoil, pot size, in term ofStrtga samples and sorghum variety, and are generallytypical, though differences are not always so great. 

A difference not clearly shown in the figures is a tendency for thetemperature in the early part of the season in April, to be reiLatively low
and constant. In August the mean is comparable,fluctuation, which includes 
but there is greater

temperatures over 
to favour S. 

30 C. Thia might be expected2slattca, which can benefit from higher pre-conditioning 



This however is not the case and 
temperature* (Raid & Parker 1979). 

heoronttlca in the latter half of the 
suggests the lower emrgence of S. 

due either to the slightly lxmvr teperatures from 5 to 6 weeks 
season is 
after sowing, or, more probably to the 

steeply decreasing light 

It is normally supplemnted from 
availability after this time. 


sodium lighting but the intensity of this
 id-Septaber, with high iressure 

light at about 0 .34 Wh/cm /week which is inadequate to ocmpensate for the 

decrease in natural light.
 

The effect of season on the emergence of S. hermonlttca on 
Figure 1. 

sorghum var. 22198 in 1962. 
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outside data and assumes a 60% loss through 
glass etc.
 

4Weekly mean temp (°C) 

75-1, 77-39, 77-39). Jdate of sowing


S. hermonthtca (WRO 

DISCUSSION 

The above selected results illustrate a few of 
the more important
 

factors to be considered or controlled when working 
with Strtgo in a
 

Some of the
 
temperate environment, where field work is not possible. 


conclusicne, however, may be relevant also to 
the conduct of pot
 

experimento within the tropics.
 

The results with soil type have been very 
limited but are in keeping 

with the conclusions of Nelson (1958) and Robinson 
(1960) working with S. 

astattcaon a wider range of soils in USA, and tend to 
confirm that soil 

type should not be a critical factor.
 

Similarly the exact placement and distribution 
of seed in the soil is 

Emergence tends to be greater from shallow-sown 
Strtga seed, 

not critical. 




but mixing to a depth of 6-7 cm appears to provide a reasonab* comromisebetween maximising emergence and ,vpresenting natural depth distribution in
the field.
 

The number of seeds per pot requires careful adjustment.experiments on Dead numbers, it was 
In both 

increasing numbers of seeds sown 
shown that with certain seed samples,

beyond 400 per pot led to no proportionalincrease in emergence. This was probably due to excessive intra-specificcompetition and failuz* of seedlings to reach the soil surface. Converselyit may be deduced that if excessive seed is used, treatments causingsubstantial reduction in germination or attachment of Strtga might show noless emergence than untreated. Such an effect could lead to reduced
differential between susceptible and resistant varieties.
 

The optimum number 
of seeds per pot may often be greater than 400where viability and virulence are lower. The different behaviouryounger of two seed of thesamples from the same site (Table 3) can be explainedon the basis that it was slower to Pr-condition
viability. The 

and had a lower finallater development allowed stronger growth of the host whichin turn supported a greater eventual emergence of Strtga.
 

Strtga species thrive 
in soil of low fertility, and the more specificeffect of nitrogen in reducing the incidence of Strtga attack isdocumented, (e.g. wellLast, 1960; Ogborn, 1970; Babawi, 1981). This effectalso has been confirmed in pot experiments by Younis and Agabaii (1965) andYaduraju et aL (1979). It is 
delays 

not clear exactly how increased nitrogenand decreases the emergence of Strtga. Various possibilitiesdiscussed areby Parker (1984a,b) and Dixon and Parker, (1984). Whatever thereasons it is clear that nitrogen must be kept at a sufficiently low level
in pot experiments to result in a suitable host/parasite relationship.
 

Unfortunately, with limited glasshouse facilities it is notpracticable to use large soil containers and in the typical size of potused (12 to 15 cm diameter) the soil volume is small and depletion ofnutrients by the pvAcentially large host, sorghum,
the exporiment, iv rapid in the coursb ofThe initial low level of N (0.1 g ammonium sulphate per kgsoil) is in fact quite high in terms of a field cono.entration, lbit israpidly depleted and hacomes limiting beforeFor many types of experiment the eirpariment is oimpleted.the standard low level ,.rndadequate,, 12 €m pots arebut for varietal resistance studies a greater availability of Nis preferable, either by using a higher concentrationlow concentration in larger (15 cm) pots. The 

in small pots, or the 
greater differentialsusceptible sorghum betweenvarieties and those with resistance of the N13 type hasnot always been consistent under the higher N conditions and there is stillmuch to be 'earned of this interaction. Experience has shown thatnitrogen applied in split applicatior was detrimental to the emerged
Strtga, so this is not a practical answer to keeping the host supplied, andit is preferable to incorporate all nutrients at the out w* of the
 

experiment. 

There is little indication from the literature that other nutrients
have significant influence on the incidence of Strtga attack. Saunders 

1,10
 



he, ~ntit-Ca fromthe control of S. 
(1933) reported no benefit in 

and Last (1.60) found that neither 
of super mte, orapplications of S. hermonthtca attack

the incidence nor potassiu affectedposphOrus has been done at MW to 
the yield of sorghum. platively little 

improved 
consistent differences have been 

no 
vary these other nutrients, but 

that they are critical in any way.
which suggestoboaXved 

or erratic rainfallto thrive in low 
Strtga is generally expected 

ares (Ogborn, 1970). Deliberately restricting the watering of pot 

generally led to increased Striga 
development, and in a
 

experiments has not saturation ofcontinuousshown that 
single e priment in 1980 it was even 

of a very virulent itTain of 
not reduce the emergencethe soil did orBance watering method 

from Shambat in Sudan. 
S. hermonhca (WRO 75-1) 

for the purposes of 
a critical factor,

not thought to beintensity is 


normal experiment.
 
r when day
during thea temperate zone sm 

Working with Striga in 
questions concerning possible

to IS hours, raises
length may be up at the effect oflookednowever, gust (1964)
photoperiodic effects. 


pot trials using growth chabers,

the growth of Strt-ga, inon a 

and showed thait sorghum wa successfully parasitised by S. 
was 

photoperiod as-attca under 

that photoperiodconcludedhours. Be 
range of ph~toperiods up to 17 

The totalof S. astatica.and developmentia the germinationnot critical 
than the photoperiodimportantsems to be more

availability of light 
not grnw "11l, ever,with supplementary

tho host plants do of maintainingalone,and .ov to m.rch. The costrdurng the months oflighting, case be pzohibitive.would in any
adequete tse, rature during that period 


two
 
O-iir tlv period April to October, it is possible to complete 

The second half of the 
each lasting 12-15 weks. 

series of e:zL;rimnts, oL some differencesperhape becauseideal conditions,seas~a provi43s less but mor*more carefully,ba oontralled 
:n tev wratu pattern, which could and day length)(intensitya .ilabilityof declining lightprobably bec.use 

nnot be fully compensated by 
middle of SeptSbrOr,after t!ie hich 

i' e importance of a strong flow of 
lighting.supplentary artificial StriQR dave lopment isfor goodto the root sy ,tosynthate5pj -- anO it is highly probable that 

by Parker (l4b),emphasised elsewhere to sustain rapid
flow i4, simly not adequate

after mid-Sept~)ber, the possible atare stillUseful expriments
growth and emergence of Strtg. 

to be a little moreof rzLult5 has 
that tim of year, but interpretation or

that damys Striga germination
a treatmentFor instance,cautiouS. more completea

for just a few weeks itay appear to cause 
development 

in an April to July experiment.
at that season than
suppression 

the basic experimental techniques is 
at WAD inExperience gained field andport from the

in the lit . - ...re by
ge.erally confirmed to use whenfor the experiJenterfora a basistedhnicr.*sgla-shCbWO. These fully themoreesignw to un-Virstand .setting up pot experiments 

its host.of Strtga with
colict-ted relationship 
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Damage caused by Striga gesneriole 
Willd.) Vatke. in cowpea
 

Abstract. 
*(Vigna Mniculata L. Walp.) is becoming serious in the semi-arid regions
 

of Africa. Resistant varieties Lze 
the best solution to overcome this
 

problem. Cowpea germplasm was screened 
to identify such varieties, and two 

varieties, SUVITA-2 and 58-57 have been 
found to be resistant. SUVITA-2 was 

with a local (Kaya local) as well 
as an improved (KN-l) variety to
 

crossed 
find out the mode of inheiritance 

of this character. A single dominant 
gene
 

was found to be controlling this resistance 
in the cross between SUVITA-2 x
 

KN-l fitted
 
Kaya local, whereas the data from the 

cross between SUVITA-2 x 


a 9:7 ratio of susceptible and resistant 
plants. More studies are underway
 

to further elucidate this problem.
 

INTRODUCTION
 

Striga esnerLoides(Willd.) Vatke. is a parasitic 
plant that causes
 

severe damage to cowpea (Vigna unguiculata 
L.Walp.) crop in the Semi-Arid
 

zones of Africa. Obilana (1983) observed 
it to be spreading rapidly south

ward in Nigeria, from its traditional area of 
occurence in the Sahel zones
 

and Sudan savanna to Northern Guinea 
savanna. Striga damage is expected to
 

further increase with increased acreage 
of cowpea cultivation in Nigeria
 

and other neighboring countries as a result 
of high population pressure,
 

which disrupts the traditional crop 
sequences, reduces the duration of
 

natural fallow and obliges farmers to 
use the same piece of land under the
 

It is,therefore, imperative to develop 
Striga
 

same crop year after year. 
 cheap means of protecting
 
resistant cowpea cultivars as this may 

provide a 


this crop against severe yield losses. 
To achieve this, information on
 

(s)and mechanism of inheritance is basic. This paper deals
 
resistant source 

with such information on cowpea Striga.
 

1. Present address : C.V.A. de Bamban, Kindia, Rep. de Guin6e.
 

2. Present address.: Msekera Research 
Station, P.O. Box 510089, Chipata,
 

Zambia.
 

3.. Contribution of the IDRC/SAFGRAD/IITA 
Projects in 	Upper Volta.
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MATERIALS AND METHODS
 

1. Confirmation of Striga resistance in cowpea
 

Experiments were conducted both in the field and in the screenhouse to
confirm resistance to gesnerioidesfound earlier in the cultivars SUVITAO2
and 58-57 (SAFGRAD/IITA Annual Report, 1981). 
For the field experiment, a
chess board design (Vasudeva Rao et al, 1981) was used where both SUVITA-2
and 58-57 were planted in such a way that they were always surrounded by a
susceptible check cultivar, KN-1. In the screenhouse, individual plants waeo
planted in pots, and sixteen pots were used for each of the three cultivars#
SUVITA-2, 58-57 and KN-1. Eight of these pots were artificially infested
with Striga seeds whereas the other eight were not infested and were used a
controls. Striga emergence was recorded on individual cowpea plants, and
then per cent infested plants with Striga 
were computed for each cultivar.
 

2. Evaluation of promising selections for resistanct to Striga
 

Prior to 1981, a cross involving SUVITA-2 (resistant to Striga) and
TVu 2027 (susceptible to Striga but resistant to bruchids) was made to
develop bruchid resistant materials. Selections from this cross were made
for seed quality, and the 21 most promising were bulked and evaluated for
Striga resistance and were further evaluated in 1983 alongwith susceptible
(Mougne, TN 88-63 and Kaya Local) and two resistant (58-57 and SUVITA-2)
cultivars. The experimental design ias 
a randomized complete block with
three replications and the plot size was 4 rows, 4 meters long. The trial
was planted in 
a Striga sick plot which was artificially reinfested to
 
ensure a uniform distribution of Striga infestation.
 

3. Study of inheritance of Striga resistance
 

To get information on resistance to Stri2a in cowpeas, SUVITA-2 was
crossed with Kaya Local and KN-l. Kaya local is reported to be highly
susceptible. Stri2a emerges fast where it is grown and can prevent its
flowering. KN-l has some 
level of resistance to Striga ; it delays Striga
emergence (SAFGRAD/IITA Annual Report 1982). Parents, Fl, F2, BCl and BC2
generations of these 
crosses were evaluated in a Striga sick plot, which
was artificially reinfested. The materials originating from KN-l 
x SUVITA-2
 cross were evaluated in the 1982 crop season, and those from Kaya local x
SUVITA-2 in 1983. The observations were taken on a single plant basis and
any cowpea plant showing presence of Striga was considered as susceptible.
 

RESULTS AND DISCUSSION
 

Table I shows the response ol cowpea cultivars to artificial infestation of Striga both in the field and the screenhouse experiments. Only 13%
plants of SUVITA-2 (in 1982) and 38% of 58-57 (in 1983) were found Infested
with Striga in the screenhouse experiments. This contrasted to over 60%
plants of 
KN-l both in the field and in the screenhouse in 1982, and 100%
plants of Kaya Local in the screenhouse in 1983. These results suggested
that SUVITA-2 and 58-57 have a high level of resistance to Striga, whereas
Kaya Local is highly susceptible and KN-1 has a moderate level of resistance
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field
 
cutvr oSriaifsain under 


Table 1. Response of cowpea Volta.
 
and screenhouse conditions at Kamboins",

uppe 


with striga
Per cent plants infesti 
Screenhouse (pots)Field (sick plot) 
 Control
Infested
Variety 
 1983
1983. 19821982
1982 

0
0 0
12.5
0
SUVITA-2 0 0
37.5
0
0 "
 58-57 - 0
63
66 
 0
KN-l 100 
KAYA LOCAL 


The response of promising selections 
from the SUVITA-2 x TVu 2027 cross
 

is shown in Table 2. Striga emerged 
minimum 5 days later in the plots 

of
 

these selections as compared to 
susceptible cultivars. Per cent 

Striga
 

infestation was lower and grain 
yield higher among them as compared 

to
 

susceptible cultivars, except TN 
88-63. They were simila.r to resistant
 

r iga emergence, per cent infestation 
by Etriga and
 

varieties in time of 


grain yield. These results suggested 
that they were resiatant to Striga.
 

Table 2. Responses of cowpea selections 
and cultivars to artificial
 

upper Volta, 193.
at Kamboins4,
Striga infestations 


Days to first % with Grain
 
Days to 50% 


Striga emerg. Striga yield

flowering emerg. kg/h


Cultivars 


Promising selection 
45 1.0 1469
42 


KVx 30-141-lG 14080.0
£
44

KVx 30-166-3G 1567
0.0
£
44

KVx 30-183-3G 1397
11.0
37
46

KVx 30-199-4G 7.7 1289
35
44

KVx 30-312-3G 1266
10.3
36
46

KVx 30-323-lG 1247
2.7
36
44

KVx 30-403-1G 


Susceptible check cultivars 
40 87.3 826
30 


Mougne 82.3 1322
30
41

TN 88-63 34
63.3
29
63

Kaya Local 


Resistant cultivars 1.0 122942
42

58-57 0.0 1486£43

SUVITA-2 22.2 1212
26
45

Mean 19.1
n.a 47.7
2.3

C.V. % 17.4 3701.6
LSD 5% 


did not emerge.
Stri 
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Table 3. Segregation for Striga resistance in different populations of crosses of KAYA LOCAL x SUVITA-2
and KN-l x SUVITA-2 at Kamboins4, Upper Volta.

Lines or 
 Total 
 Segregat-ion Ratio X2 
 Probability of a
 
crosses 
 Total 
 Infested Sueceptible Resistant 
Value greater value
 

Cross : Kaya Local x SUVITA-2
 
Kaya Local 
 75 
 66 
 1
SUVITA-2 0 1.08 0.50-0.25
78 
 0 
 0
F1 1 0.00 1.00-0.90
77 
 7 
 0
F2 1 0.63 0.50-0.25
242 
 1
BC1 (Kaya Local x Fl) 

71 3 2.19 0.25-0.10
107 
 48
BC2 (SUVITA-2 x F2) 1 1 1.34 0.25-0.10373 
 20 
 0 
 1 1.19 0.50-0.25
 

Cross : KN-1 x SUVITA-2
 

KN-l 
 82 80 1 0
SUVITA-2 
 0.49 0.90-0.75
80 
 5 
 0 1
F1 0.31 0.75-0.5057 
 52 
 1 0
F2 0.44 0.75-0.50
211 
 9 7
BC1 (KN-1 x Fl) 
128 

1 0 
3.23 0.10-0.05140

BC2 (SUVITA-2 x Fl) 
136 0.11 0.75-0.50260 93 1 3 16.0 0.005-0.00 

http:0.005-0.00
http:0.75-0.50
http:0.10-0.05
http:0.75-0.50
http:0.75-0.50
http:0.90-0.75
http:0.50-0.25
http:0.25-0.10
http:0.25-0.10
http:0.50-0.25
http:1.00-0.90
http:0.50-0.25


The response of cultivar TN 88-63, which reacted like 
a susceptible plant 

(early and high per cent of Striga emergence) but produced a very good 

yield, could be an expression of tolerance 
which probably could be 

justified from its origin at Maradi, Niger, a 
heavily Striga infested area. 

resistance in different
 
Table 3 shows the segregation for Stri 


populations of Kaya Local x SUVITA-2 and 
KN-l x SUVITA-2 crosses. The cross
 

between Kaya Local x SUVITA-2 showed a 3:1 ratio, 
suggesting that the
 

resistance was simply inherited and controled by 
a single dominant gene.
 

Whereas, the c-oss between KN-l x SUVITA fitted 
a 9:7 ratio. This could be
 

attributed to non-allelic interaction. It should 
be pointed out that KN-l
 

has shown some level of resistance to Striga by 
delaying its emergence as
 

And parents

compared to Kaya Local (SAFGRAD/IITA Annual Report, 1982). 


with simil.r response when crossed can produce 
a different Fl progeny
 

This was probably what happened in the case of KN-l 
s
 

(Bateson, 1913). 

SUVITA-2 cross, where the Fl generation was susceptible 

to Striga. More
 

work is already underway to further eluciVIate the 
type of gene action and
 

was
 
the mode of inheritance of Striga resistance in

cowpeas, however, it 


quite clear that the resistance was genetically 
controlled and could be
 

transfered. For this reason, SUVITA-2, is continued to be used to 
transfer
 

Striga resistance into other improved cultivars.
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A REVIEW OF CULTURAL CONTROL OF STRIGA HERNONTHICA IN SUDAN 

FAIZ F. BEBAWI, Faculty of Agriculture, University of Khartoum, Shambat,
 
Sudan.
 

Abstract. 
Cultural control of Striga in Sudan is reviewed. Current
 
practices include crop rotation, crop spacing, sowing dates, nitrogen

application, weeding, planting of resistant varieties, and catch and trap
 
cropping.
 

INTRODUCTION
 

Sorghum [Sorghum bicolor (L.) Moenchj is 
the predominant cereal of
 
Sudan where it 
provides more food and drink for man and more sustenance
 
for beast than all crops together. Throughout Sudan there are varieties
 
to suit all climates and conditions (Bacon, 1948). Being mainly a
 
peasant's crop for home consumption, sorghum does not 
figure as largely in
international trade as 
cotton (Gossypium spp.), millet (Pennisetum

typhoideum (Burm.) Stapf. and Hubbard), groundnuts (Arachis hypogea L./,

or sesame (Sesame orientale L.)
 

Sorghum as well as millet, rice (Oryza sativa L.), and sugarcane

(Saccharum officinarum L.) 
is a host crop of the parasitic weed Striga

hermonthica (Del.) Benth. Where a frequently recurring sorghum or millet
 
crop is required, Strija multiplies quickly with serious effects. 
 Several

workers reported losses of grain sorghum yields up to 70% as 
a result of
 
Striga infestations (Basinki, 1955; Doggett, 1970; Last, 1961; 
Bebawi and
 
Farah, 1981b). However, under severe infestations there may be no yield

and the host plants killed (Andrews, 1945).
 

Chemical and cultural practices are the main measures of control of
 
Striga in the Sudan (Andrews, 1945, 1947; Wilson - Jones, 1952, 1953a,

1955; Basinki, 1955; Tarr, 1957, 1961; Agabawi and Younis, 1965; Younis
 
and Agabawi, 1965; Bebawi, 1981b; Bebawi and Farach, 1981a,c; Babiker and
 
Hamdoun, 1982, 1983; 
Babiwi and Abdel Aziz, 1983; Bebawi and Elhag, 1983).

However, agriculturists in Sudan have more experience with cultural than
 
chemical control of Striga. 
 Cultural control measures of Striga in th-

Sudan are to a great extent influenced by the edaphoclimatic factors.
 
Ungerminated a seed are rriorted to remain viable in the soil for at
 
least 5 years (Andrews, 1948).
 

The soils of Sudan are predominantly sandy with little water holding

capacity in the North; heavy almost impermeable alkaline clays in 
the
 
center and parts of South Sudan; and more permeable acid red ironstone
 
soil in the South (Andrews, 1948). 
 At any one time 40% of the total
 
cropped area of Sudan is under sorghum with 37% under rainfed agriculture.

Sorghum is reported to have a high requirement for nitrogen, therefore
 
little available nitrogen is usually left in the soil after a sorghum crop
 
(Rai, 1961).
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TiE RAININADSA. CULTj;RAL CONTROL OF STRIGA IN 

1. East Sudan
 

Observations on the heavy 
clays of East Sudan on rainland 

have shown
 

the land becomes progressively 
infertile owing to continuous
 

that as becomes increasingly
 

cropping with sorghum, the 
infestation with Strig 


severe until a stage is reached when it becomes 
no longer profitable to
 

In East Sudan, new land 
claimed from both forest 

or
 

grow sorghum. 'Kurd'
 

bushland and grassland 
for cu.tivation is described 

in Arabic as 


same land in its second, 
third, and fourth year 

of cultivation
 
The
land. This 

'Kamadob', 'Dahr Kamadob' 
and 'Gassaba'. 


in Arabic as
is referred to 'Gassaba' is
 

type of cultivation in 
lands ranging from 'Kurd' 

to 


Stria infestations and 
soil fertility.
 

associated with the intensity of 


'Kurd' land is characterized 
by the least intense infestations 

of
 

The 

Striga and greatest soil 

fertility whereas the 'Gassaba' 
is the most
 

Farmers of East Sudan cultivate 
the
 

infested and least fertile 
land. 


'Kurd' land with the sorghum variety 
'Yeterita', the 'Kamadob' with 

the
 

the 'Dahr Kamadob' with 
the variety 'Safra' and 

the
 

variety 'Red mugud', 
in East Sudan a 4-yr rotation 

system has
 
Thus, 
 This system
'Gassaba' with sesame. 


developed as a cultural 
measure of control against 

StrEia. 


selects the most susceptible 
variety 'Feterita' to lead 

the cycle on the
 

form of
assumption that the high 
soil fertility would improve 

the general
 

physiological performance 
of the host crop and thereby 

induce some 


physiological resistance 
to the early maturing 'Feterita' 

crop (2 '/2 to 3
 

However, irrespective of 
host crop variety, grain 

production
 

1/2 months). In this cycle, sorghum 
cultivation is
 

declines with years of 
cultivation. 


so that
discontinued after the 
third year because the 

intensity of Strija
 

the
Sesame is
infestation would have 
reached a critical level 

in the soil 


further cultivation with 
sorghum becomes uneconomical. 


fourth year crop because 
of its low requirement of 

nitrogen, immunity to
 

a and cash value.
I 


In East Sudan late sowing 
(31 August onwards) of sorghum 

is preferred
 

because the intensity of 
Striga
 

to early sowing (June 9 to 
August 17) The lat'
 

sowings occur when the rains 
are well advanced and the 

sjil temperatures
ilfestation is much less 
with late than with early 

sown sorghum. 


have become relatively 
cool whereas early sowings 

occur when the rains are
 

Thus the
 

intermittent and the soil 
temperatures are relatively 

warm. 


drying and wetting of warmer 
soils of early sowings 

may be conducive to
 

the greater intensities 
of infestations of StriA.a 

whereas the continuously
 

wet cool soils of late sowings 
may be conducive to less 

intense Stria
 

infestations.
 

2. West Sudan
 

In West Sudan a different 
cultural control of Striga 

to that of East
 

In the clay lands of West 
Sudan generally a change 

of
 

Sudan is practiced. 


crop on an infested field 
from sorghum to Pennisetu 

millet would result
 

free crop of the latter 
where the farmer could 

no longer grow
 

in a Stri 

It has also been observed 

that on the Kordofan
 

sorghum successfully. 


sands where Pennisetum 
millet is very heavily attacked, 

sorghum will give
 

149
 



a crop on fields too heavily infested with Striga for the successful
 
cultivation of millet. In West Sudan the situatioa on the sandy areas is 
the reverse of that in Hest Africa, for it is a change from Pennisetum to
 
sorghum that reduces the Striga infestation (Wilson - Jones, 1955).
 

A West African experience with Striga was reported by Porteres (1952)
 
as "the debasement of the edaphoclimatic complex" attempts to explain the
 
cultural control of 3triga in West Africa. According to this theory, 
native agriculture follows a course of deterioration from the first
 
opening of new land. Starting with the cultivation of sorghums which are
 
presumed to have the highest fertility requirements, a stage is reached
 
when soil exhaustion results in a seriously weakened crop which then
 
becomes susceptible to Striga attack. A change to a crop with lower
 
fertility requirements, i.e., Penniaetum Millet, then results 
in an almost
 
Striga free crop, although the preceding corghum might have been heavily
 
attacked. After some years, during which further exhaustion of the land
 
occurs, The Pennisetum millet yield becomes less and less until eventually
 
Striga again appears. Finally, the Pennisetum millet is replaced by
 
Digitaria exilis which has a lower fertility requirement (Porteres, 1952).
 
When the soil is too exhausted for this crop as signified by a heavy
 
Striga attack, no further cultivation is possible and the land must be
 
abandoned.
 

However, in West Sudan, Wilson - Jones (1955) has shown that Striga

does not only appear as a result of poor soil conditions because on the
 
clay soil of Sudan the use of herbicides to control Striga has
 
considerably increased crop yields. Nonetheless, he admitted that soil
 
exhaustion is a serious factor which is bound to occur 
under continuous
 
cropping without manure especially on the sandy soils (Wilson - Jones, L.,
 
1955). Wilson 
- Jones argued that it is difficult to discriminate between
 
the two 
causes of crop lose, i.e., soil exhaustion or Striga infestation,
 
because soil exhaustion is normally accompanied by a steady increase in
 
StrLga when grain sorghum is grown year after year. As an explanation of
 
the situation on the clays and sands of West Sudan, Wilson - Jones
 
suggested the existence of two strains of Striga - a sorghum strain and a
 
millet strain. Apparently the cultural control of Striga in West Sudan is
 
more advanced and less wasteful of land compared to that of East Sudan but
 
whether the cultural system of West Sudan will be adopted in East Sudan
 
would ultimately depend on the availability of cultivable land. Later
 
work by Tarr (1961) in West Sudan reported that nitrogen deficiency may be
 
more important than Striga attack in limiting yields of Pennisetum millet
 
in the sandy soils.
 

3. South Sudan
 

As a continuation of the afore-mentioned argument on cultural control
 
practices in West Sudan, Basinki (1955) asked the same questions of Wilson
 
- Jones (1955) as to whether Striga infestation was only serious on
 
'worn-out' soils or whether the 'wearing out' was due 
to Striga itself.
 
Basinki observed that in South Sudan while on comparatively lateritic
 
soils Striga was practically absent, Striga caused yield reductions of up
 
to 70% on rich alluvial clays. The reason for this was attributed to the
 
soil nutrient exhaustion an the lateritic soils due largely to erosion of
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This
 
the uppermost layer where nutrients 

accumulate under bush fallow. 


soil nutrient exhaustion forces the 
farmer to abandon the field after 

a
 

period from 3 to 5 yrs before Striga can 
become serious (Basinki, 1955).
 

In addition, in the areas where 
these soil@ occur, good drainage 

and
 
On the other

permit diversified cropping.high rainfallcomparatively 
hand, alluvial clay soils occur 

in South Sudan in areas of marginal
 

Sorghum which can tolerate both drought
 
rainfall and marginal drainage. 


and to a lesser extent water logging, 
is in these areas the only crop of
 

Its cultivation is concentrated on 
sites less liable to
 

major importance. 

flooding and on such sites intensive 

and prolonged monocropping with
 

sorghum leads to increasing jltiga infestations, 
in time causing serious
 

Where better drained land is more 
plentiful and
 

lowering of yields. the
 
shifting cultivation possible, S$rja 

is regarded by the farmer as 

Basinki
 

main reason for abandoning old fields 
(usually after 6 to 8 yr). 


concluded that on inherently fertile 
heavy soils, damage due to
 

(1955) 

Striga reaches the critical level 

before the appearance of soil exhaustion.
 

In South Sudan, soil erosion is generally 
not serious on the clay plains,
 

their margins where slopes are greater,
 owing to lack of slope but on 

one of the factors which dictates shifting 

cultivation.
 
Striga is 


4. Central Clays of Sudan
 

ce"=Lally in the central clays of Sudan where land 
is abundant two
 

Izjc-r systems of cultural management 
of Striga are practiced: 'Shifting'
 

systems are usually practiced at a
 
and 'Harig' cultivation. These two 


It is relevant to mention here that
 
considerable distance from villages. 


an intensive form of monocropping of 
sorghum is traditionally practiced
 

'bilad'
 
around villages. Such intensively cultivated lands 

are known as 


lands and because of the continuous monocropping of sorghum 
the 'bilad'
 

lands are heavily infested with Striga.
 

occurs on clay
 
Shifting cultivation as a cultural 

control of Sti 
Under shifting
 

soils whose vegetation cover is either 
forest or bushes. 


cultivation for example after the 4
th yr of cultivation with sesame in 

the
 

4 yr rotation practiced in East Sudan, the infested land 
is usually
 

abandoned and allowed to return to bust to regain most of its fetrility
 

This may take up to 12 yr (Burnett, 
1948).
 

before it is recultivated. 

Meanwhile, new forest or bushland 

is cut down and burnt for cultivation.
 

In contrast to shifting cultivation, 
'Hargg' cultivation is practiced on
 

clay soils whose vegetation cover 
is grasses. 'Harig' cultivation is 

more
 

effective in the cultural control of 
Striga and at the same time less
 

It is a form of controlled burning where the intense
 
wasteful of land. In
 
fires clean the ground for cultivation 

and reduce subsequent weedings. 


'Harig' cultivation the time allowed 
for regeneration and growth of
 

grasses is roughly proportional to 
the length of time the land has been
 

cropped.
 

B. CULTURAL CONTROL OF STRIGA IN CENTRAL 
SUDAN
 

Striga control under irrigation assumes 
many forms depending on the
 

type of cultivation practiced.
 

'River Bank' Cultivation
1. 'Gerf' or 
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On the river banks or 'gerf' lands where sorghum is sown, Strige is
 
not a serious problem because of the annual submergence of these lands by
 
flood water for at least 3 months in addition to the annual erosion or
 
deposition of fresh rich silt on these lands. Ecologically this looks
 
like an 'allogenic' system which ensures annual soil fertility or removal
 
of old soil.
 

2. Flood Cultivation
 

Sorghum planted in lands subject to natural flood by the overflow or
 
end spill of seasonal rivers typical of the 'Tokar' and 'Gash' deltas of
 
the Sudan does not support much Striga infestation because of the cultural
 
practices of these areas. In the controlled flood cultivation of the
 
river Gash, the flood water is harnessed and is guided by a system of
 
canals end banks on to definite pre-selected areas. tn thii way it is
 
possible to rotate the land to be watered and in practice, it is not usual
 
to water the same land in the Gash delta more often than once every 3 yr.
 
Thus, the compulsory resting of the land and the addition o,; fresh silt
 
contributes to the fertility which is reflected in a healthier sorghum
 
crop and low infestations of Stri.
 

3. Crop Rotations
 

Research under intensive agriculture as practiced in the Gezira
 
cotton area of Sudan revealed that a close rotation, i.e., a 3-yr rotation
 
of sorghum, lubia (Dolichos lablab), and cotton induced severe Striga
 
infestations (Andrews, 1945). When two successive fallows were introduced
 
into the rotation, the increased fertility which resulted from this change
 
caused the Striga lessened. Fallowing was reported to improve the
 
physical condition of the Gezira soil and its ability to supply nitrogen
 
(Andrews, 1945). Andrews (1945) concluded thac the innate resistance of
 
the host is increased by nitrogen.
 

4. Spacing, Sowing Pattern, and Sowing Hethod
 

The effect of spacing, sowing pattern and method was reported by Last
 
(1960b) and Bebawi and Farah (1981a). Increasing the space between
 
sorghum plants resulted in large decreases of Striga infestations with
 
unmanured crops and small decreases with crops given 80 lb N/acre (Last,
 
1960a). Changing the geometry of planting from the traditional pattern of
 
regular rows (with plants equidistant from each other) into double rows
 
(with plants arranged in row pairs) resulted in a marked increase in
 
Striga infestation (Bebawi and Farah, 1981a). Striga incidence was less
 
when sorghum was planted on ridged seedbeds than on flat seedbeds.
 

5. Sowing Date
 

7Me intensity of Striga attack was found to be intimately correlated
 
with the sowing date of the sorghum crop. Andrews (1945) grew sorghum in
 
the field during the rainy season (June to October) and reported that the
 
earlier the sowing date within this period the greater the Striga attack.
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6. Tillage Operations and Grazing
 

Under conditions prevailing 
in the Sudan, tillage operations 

in
 

practice coupled with soil 
cracking during the dry season 

would
 

undoubtedly help to inoculate 
arable soils at varying depths 

with Striga
 

Striga seed was reported to be 
distributed in field soil to a 

depth
 
seed. 	 Grazing of dry plant material 

of
 
of at least 38 cm (Andrews, 1945). 


Striga by domesticated animals after the sorghum fields 
are harvested was
 

to contribute to dispersion of Striga seed 
from one field to the
 

found 

other (Bebawi and Elhag, 1983).
 

7. Intensity of Irrigations
 

Light irrigation of the sorghum during the normal 
sowing period was
 

reported to increase the Striga attack whereas heavy 	
irrigation decreased
 

it (Andrews, 1945).
 

8. N-fertilization
 

The value of fertilizer nitrogen 
as a cultural control measure
 

Last (1960a) reported
 
against Stria depends on the 

sorghum variety used. 


that nitrogenous fertilizer 
given to sorghum variety 	'Dibaikri' 

never
 

decreased the amount of Strila significantly 
and often increased it
 

whereas with the varieties 'Feterita', 'Dwarf white milo' and 'Wad Pahl'
 

Bebawi (1981b) found no consistent
 
Striga was decreased.
the incidence of 


evidence to indicate that host response 
to nitrogen fertilization would
 

However, Crowther (1942) indicated that
 
depress S ria infestations. 


Str1ia attack may be reduced by 
the use of nitrogenous fertilizer.
 

mixtures
 
9. Resistant varieties and cultivar 


of the indigenous sorghum variety 
'Tetron' which has 	a broad
 

The use 

spectrum resistance to Striga populations was reported 

to sustain a low
 

infestation of Striga under 
field conditions compared with 

the great
 

infestations sustained by the 
susceptible variety 'Ariana' (Bebawi, 1981a;
 

The cultivation of equiproportional 
mixtures
 

Bebawi and Abdelaziz, 1983). 	 'Tetron' was
 
'Ariana' and a resistant variety 
of a susceptible variety 	 (Bebawi and Abdelaziz, 1983).
 

found to reduce Striga infestations 
by 31% 


10. Hand-pullin8
 

Continuous hand picking of 
Striga plants before flowering 

was found
 

to help rid the soil of the 
seed, but it is essential that 

the plant be
 

weeded before flowering since 
green ovaries could produce 

viable seed
 

(Andrews, 1948).
 

11. 	Catch-cropping
 
are usually used as
 

Catch crops (host plants parasitized 
by Strig) 


green manuring breaks in the 
rotation. Catch crops are
 

fallow or 	 In the Sudan it was
 their control function. 

destroyed after they serve 


found possible to take a catch crop just prior 
to planting the main crop
 

greatly

The incidence of Striga was 


so as not to waste the season. 
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Teduced in two successive sorghum crops when Sudan grasc
sudannense (Piper) Stapf.] was 
(Sorghum


ploughed in after only 5 weeks (Last,
1960b). 
 However, Parker (1965) commented that such a procedure would be
worthless if the temperature were not high enough early in the season for
Strigs germination.
 

12. Trap-cropping
 

Trap crops in addition to catch crops aim to reduce the viable seed
population as rapidly as 
possible. 
Trap crops trick the Striga seed into
germination without attaching to the crop. 
Trap crops need not be
destroyed after they serve their control function. 
One popular trap crop
in Sudan is lubia (Dolichos lablab) which was found 
to stimulate Stripa
seed. 
 Parker (1965) suggested that very severe infestations of Strips
could be brought under control with trap cropping provided no new seed is
produced.
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RECENT DEVELOPMENTS IN PHLOEM TRANSPORT RESEARCH. THE PARALLEL BETWEEN THE
SITE OF ATTACHMENT OF __ AND DEVEPIN SEEDS OF LEGUMES 
P. WOLSWINKEL, Botanical Laboratory, University of Utrecht, Lange Nieuwstraat 106, 3512 PN Utrecht, The Netherlands.
 

Abstract. By measuring the release of sugars and amino acids from tissues
of a strong.sink, some general characteristics of phloem unloading could be
studied. Data are presented on phloem unloading at the site of attachment of
Cuscuta europaea L. and phloem unloading in the seed coat of developing

legume seeds.


The stimulating influence of Cuscuta on sugar release by cells of stem
segments appears sucrose-specific, supporting the idea that the stimulating
influence of Cuscuta is restricted to the sieve-tube system. Evidence is
discussed supporting the view that, at the site of attachment of Cuscuta,
phloem unloading o 
amino acids is not different from phloem unloading of
 sucrose.
 
Using a new experimental system (the embryo is removed from developing
legume seeds), 
it was shown that phloem unloading in developing seeds has
the same characteristics as phloem unloading in a stem part parasitised by
Cuscuta. In experiments with developing legume seeds, it could be
demonstrated that phloem transport into the strong sink is turgor-sensitive.
Phloem transport into developing seeds and Into Cuscuta is discussed in
relation to the phenomenon of "phloem bleeding" observed in several plant
species after making incisions into sieve tubes.
 

INTRODUCTION
 

In a plant parasitised by Cuscuta, phloem transport is disturbed
dramatically. For example, the sink activity of developing fruits of broad
bean can disappear completely in a parasitised host (Wolswinkel, 1974a).
From earlier experiments it has been concluded that, in addition to
the very efficient absorption system of the parasite f.s suggested by the
anatomical details (D6rr, 1972), 
an enhanced unloading rate of the phloem is
essential for the transfer of assimilates from host to parasite (Wolswinkel,
1974b, 1978, 1979). 
The process of enhanced phloem unloading is restricted
to the parasitised region (Wolswinkel, 1979, 1982) and it is under metabolic
control (Wolswinkel, 1974b, 1978; Wolswinkel and Ammerlaan, 1983b). The
question arose whether or not the transfer of assimilates from host to
Cuscuta is comparable with phloem unloading in other strong sinks. If, in
broad bean, developing fruits and Cuscuta are present together and have to
compete for assimilates, Cuscuta is the victor (Wolswinkel, 1974a). However,
notwithstanding these differences in competitive power, a strong parallel
does exist between the "sink strength' of both sinks.
Starting from our data on phloem unloading at the site of attachment of
Cuscuta, we 
have designed experiments to measure unloading of assimilates
from the phloem of developing legume seeds. The developing embryo can be
removed easily from the maternal tissues of pod and ovule 
(Wolswinkel and
Ammerlaan, 1983a). In pulse-labelling experiments, 14C-labelled products of
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photosynthesis arrived in the seed coat before they arrived 
in the embryo
 

For soybean, data on phloem
(Patrick and McDonald, 1980; Thorne, 1980). 


structure in the seed coat have been published (Thorne, 
1981).
 

In this report, experiments with "empty" ovules will 
be reported. This
 

experimental system has been introduced in experiments 
with developing seeds
 

of broad bean (Wolswinkel and Ammerlaan, 1993a), but it has also 
been used
 

for the study of phloem unloading in developing 
pea seeds (Wolswilnkel et al.
 

1983). Evidence for turgor-sensitive transport of sucrose 
and amino acids
 

into developing seeds of pea and broad bean will be 
discussed. Presumably, a
 

(t.p, pressure potential) at the sink end of
 relatively low turgor pressure 


the phloem pathway, as influenced by the osmotic 
potential of the apoplast
 

solution in sink tissues, is also important for 
the very efficient transport
 

of sucrose and amino acids to the site of attachment 
of Cuscuta.
 

In this report, also some adiitional data will 
be presented on the
 

release of sucrose and amino acids by excised broad 
bean stem segments
 

parasitised by Cuscuta ecropaea. Much attention will 
be given to a
 

discussion of some factors which may determine the 
"sink strength" of the
 

site of attachment of Cuscuta, in comparison with 
developing legume seeds.
 

METHODS AND MATERIALS
 

Plants of broad bean (Vicia faba L. cv. Witkiem) were 
grown in the
 

season as described earlier (Wolswinkel,
laboratory garden during the sumer 

1974a; Wolswinkel and Ammerlaan, 1983a) and during the 
winter season in pots 

Seeds of
 
with potting compost in a glasshouse (e.g. experiment 

of Fig. 3). 


pea (Pisum sativum L. cv. Marzia) were obtained from 
Nunhems Zaden B.V.,
 

Haelen, The Netherlands. Plants were grown in a controlled 
environment
 

1983) or in the laboratory garden during the
 cabinet (Wolswinkel et al., 


summer season. Cuscuta europaea L. was grown as described 
earlier
 

(broad
When a seedling had attached itself to a host 
(Wolswinkel, 1974a). 

t growth, long thin branches of about 30 cm
 bean) and had started luxuriL 


were cut off from the extensirelj branching parasite 
and used for infecting
 

other plants.
 
or 14C-labelled compounds were
 In pulse-labelling experiments 

3H-


administered via the petiole of the leaf suhtending the 
fruiting node
 

(Wolswinkel and Ammerlaan, 1983a) or via the petiole 
of a leaf situated some
 

distance above the site of attachment of Cuscuta (Wolswinkel, 1978). In
 

experiments with labelled amino acids, L-valine and L-asparagine 
were chosen
 

since they are quantitatively very important in the phloem 
sap of legume
 

species and are readily transferred from xylem to phloem 
in a largely
 

unmetabolised form (many references presented in Wolswinkel 
and Ammerlaan,
 

1983a). Moreover, an amino-acid analogue regularly used in 
studies on
 

was chosen (reference in
 membrane transport, a-aminoisobutyric acid (AIB), 


Wolswinkel et al., 1983).
 
Stem segments of broad bean (about 4 cm) were used (Wolswinkel and
 

Ammerlaan, 1983b). Normally, they were shaken, at 25*C, 
in 100 ml Erlenmeyer
 

flasks containing 10-15 ml water, to which CaSO4 had been added to a final
 

concentration of 0.5 mM. In the case of parasitised segments, 
the haustorial
 

coil was removed prior to incubation in 0.5 mM CaSO 4.
 

Methods for measuring the amount of 
3H- and/or l4C-solutes released by
 

plant parts of present in a plant part at the 
end of a washout experiment
 

(e.g. Wolswinkel and Ammerlaan, 1983a). Methods
 have been described earlier 
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3cm 

3 cm 

Fig. I 	Diagrammatic representation of the procedjre for obtaining "empty"seed coats of Vicia faba and measuring the release of sugar andamino acids by' "mptyseed coats. a. The pod is placed in a-troughof metal, a window is made in the 	pod wall and the embryo is removed
from four ovules. b. A cross section of one "empty" ovule, filled
with a solution (cl. Wolswinkel and Ammerlaan, 1983a).
 

for enzymatic sugar and amino acid analysis can be found in re.',ntpapers
(Wolswinkel and Ammerlaan ,1983a,b). Radiochemicals were obtained from the
Radiochemical Centre, Amersham, UK (Wolswinkel and Ammerlaan, 1983a).
Prior to measuring transport of sucrose and/or amino acids into
developing seeds of broad bean or pea, the embryo was removed from four
ovules (Wolswinkel and Ammerlaan, 1983a), 
as shown in Fig. 1. The part of
the seed coat which was excised during the surgical treatment, represented
about 10% of the seed coat. The "empty" seed coat was filled with a solution
normally containing 0.5 mM CaSO4, 2 mM MES-buffer (pH 5.5), 
200 mM sucrose
and one or two amino acids (25 mM each). In experiments without isotopes
(enzymatic sugar or amino acid analysis), the solution contained 0.5 mM
CaSO4 , 2 mM MES and 200 mM mannitol. More details can be found elsewhere
(Wolswinkel and Ammerlaan, 1983a; Wolswinkel et al., 
1983).
 

RESULTS AND DISCUSSION
 

1. Sucrose-specific stimulatinginfluence ofCuscuta on sugar release by

excised stem segments
 

In our earlier papers on the effect of Cuscuta on phloem unloading of
assimilates, data on the behaviour of 14C-solutes have been presented
(after 	feeding 14C-sucrose to the plant or incorporation of 14C02 
into
photosynthate; Wolswinkel., 1974b, 1978, 1979). 
The question can be raised
whether Cuscuta has an effect on all cell types in the host stem or only on
the cells of the sieve-tube system. Sucrose is the only sugar detected in
the sieve-tube sap of Fabaceae 
(references in Wolswinkel and Ammerlaan,
1983b). In the experiment of Fig. 2, 
more sucrose was released from
parasitised secnents than from non-parasitised segments and the differences
were greatest during the last hours (period 4), 
as reported earlier for 14Csolutes and K+ (Wolswinkel, 1974b, 1978, 1979). 
Data on glucose and fructose
release from the same experiment have been published elsewhere (Fig. 3 in
Wolswinkel and Ammerlaan, 1983b). 
From data on glucose and fructose release
and free ,ace 
invertase activity it has been concluded that the stimulating
influencM scuta on sugar release by cells of stem segments is restricted
to sucrose, supporting the idea that this effect of Cuscuta is restricted to
 



the sieve-tube system (Wolswinkel and Ammerlaan, 
1983b)
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Fig. 2 The release of sucrose, during four successive periods, by
 

parasitised (closed symbols) and non-parasitised (open symbols)
 

segments of five parasitised plants. Data are presented on internode
 

8 (closed symbols) and on the internodes 7, 9 and 10 (open symbols;
 

the average of the values from the three internodes). The length of
 

the four washing periods was 30 min (period 1), 60 min (period 2),
 

90 min (period 3) and 120 min (period 4) respectively.
 

Fig. 3 Effect of Cuscuta europaea on the release of 
14C-solutes by excised
 

stem segments, after pulse-labelling with 14C-valine via petioh of
 

Te-f 7. Data are presented on the behaviour of a parasitised segment
 
lo-wer part of internode 6; closed symbols) and two non-parasitised
 

segments (upper part of internode 5, 5u; upper part of internode 6,
 

6u).
 

2. Evidence for a parallel, at the site of attachment of Cuscuta, between
 

phloem unloading of sucrose and phloem unloadirg of amino acids
 

In a previous report, efflux of 
14C-amino acids from parasitised
 

segments has been shortly discussed (Wolswinkel, 1979). Especially in some
 

experiments with a-aminoisobutyric (AIB), the pattern of 14C-solute efflux
 

fzom a parasitised segment was almost similar to the pattern of 
14C-solute
 

efflkux from non-parasitised segments. In some experiments with L-valine,
 

during the first hours of the experiment the release of 1
4C-solutes was
 

higher from the parasitised segment than from non-parasitised segments, but
 

it was thought (Wolswinkel, 1979) that the enhanced efflux of labelled
 

\,aline, during the first 2-3 h of the experiment, represented efflux from
 

the free space and the cytoplasmic compartment of parenchyma cells (cf.
 

Wols;inkel, 1982). Whereas in experiments with labelled sucrose or with K+
 

the differences between parasitised and non-parasitised segments were
 

greatest during the last hours of a wash-out experiment (see also Fig. 2),
 

in many experiments with amino acids other results were obtained (e.g. Fig.
 

3). However, much evidence could be obtained supporting the view that, at
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Fig. 4 Effect of mannitol concentration in the solution filling the seed
coat cavity of developing pea seeds on sucrose release into the seed
coat cavity. The total length of the experiment was 12 h (from 10.00
 
a.m. to 10.00 p.m.). The experiment was carried out in a glass-house,

at the end of June. The strong decrease in sucrose release, during

the last periods of the experiment (during the end of the afternoon
 
and during the evening), will be the result of lower temperatures at
 
the end of the day. The length of each period was 2 h.
 

Fig. 5 Optimum-curves for transport of assimilates into ovules (o-.--o)and
 
release from t. 
seed coat (e---.). Results of pulse-labelling
 
experiments with pea.
 

the site of attachment of Cuscuta, phloem unloading of amino acids is not
 
different from phloem unloading of sucrose (Wolswinkel et al., 1984). If,

after the release of solutes into the apoplast of the stem by phloem

unloading, amino acids (and especially AIB) are more intensively taken up by

parenchyma cells of the stem than sucrose, then the distribution of labelled
 
amino acids over different co:Apartments (e.g. lumen of sieve elements,
cytoplasmic and vacuolar compartments of parenchyma cells; Wolswinkel, 1978,
1979) will be different from tat of labelled sucrose. Due to these 
differences, the effect of Cuscuta on amino acid release (by excised stem
 
segments, several hours after administering labelled solutes via the petiole

of a leaf) may be smaller than the effect on sucrose release (Wolswinkel et
 
al., 1984).
 

3. Parallel between phloem unloading in the seed coat of developing legume

seeds and phloem unloading at the site of attachment of Cuscuta
 

Using the experimental system of Fig. 1 (Wolswinkel and A~merlaan,
1983a) or using attached or detached seed-coat halves, several authors have 
recently demonstrated that phloem unloading of sucrose and amino acids from 
the need coat is an energy-dependent process, sensitive to metabolic 
inhibitors. These recent data show a remarkable parallel with the phenomena
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'hloem unloading in 
obseirve at the site of attachment of Cuscuti. '"ata on 

research c'- vihloem i,.loading in 
p sitized plants have stimulated 

seeds 1983; Tho:cz tzd Rai7.bird, 1983;
de.veloping legume (Patrick, 

'
 
and Ammerlaan, 1983; Wolswinkel m .K 1983). Physiologically,Vol-wi.nkel 

imitate th, ..it3ence of developing seeds.
the pr(. .nce of Cuscuta seems to 

Cuscuta is a ic-re powerful sink thzrxr Ki.veloping seeds.Hoievr, 

on turor-se.LItive phloem transport into
Po.-sible significnce -)- data4. 

efL :or the r .owledge f:' transpoi. from host to
developing legum.- .... 

Cuscuta
 

transport into "empty" ovules
In experim.'tZ.t; su. 'r.ise and amino acid 

of pea and brcac hez.A (uaL, the experimental system of Fig. 1), the 
sced coat cavity of "empty" ovules

osmolarity of . so' ti filling the 

appeared to be vt ryl:,.poctant for phloem trensport of sucrose and amino 
into the coat

acids into "emr;t'r" ovales. Data on sucrose release seed cavity 

shown in Fig. 4..A clear difference became visible
of "empty" peiz *vua.,: 

from seed coats treated with a solution containing
between sucrosec.ze] 

200 mM Tannitol (cr .& symbols) and sucrose release from seed coats treated 
In parallel


with a solution conlcining 400 mM mannitol (closed symbols). 


ith ey-:L ed "empty" ovules, no clear difference could be found
 experivienLs .
(data not shown). From experiments with labelled
 between botl. treat *.nzts 


sucrose and :mino acid (Wols'Yinkel and Ammerlaan,inprej, tentative optimum

curves for tUansport into an "empty" ovule and release into 
the solution
 

filling the -eed coat cavity (the place where normally, within an intact
 

seed, the ebryo is present) 'an be constructed (Fig. 5). 
In experiments
 

with about 3r 0 mM (sucrose arid/or mannitol) or somewhat higher
 
acid into "empty"


concentratio1ans, transport of labelled sucrose and amix 


ovules was practically similar to transport into intact ovules 
(the controls
 

being present within the same fruit). Apparently, with respect to an optimal
 

transport of sucrose and amino acids into developing ovules, 
the unloading
 

sites of the seed coat are characterised by an environment 
which can be
 

imitated by an apoplast solution containing about 350 mM sucrose 
or
 

mannitol. The "sink strength" of a developing legume seed 
seems dependent on
 

a high solute concentration (e.g. sugars, amino acids, mineral ions) in the
 

seed coat apoplast, at least in the region of the unloading 
sites. Since
 

such a strong parallel does exist between the "sink strength" 
of developing
 

legume seeds and that of the site of attachment of Cuscuta, 
this phenomenon
 

may also represent an important factor determining the rate of 
phloem
 

transport into the site of attachment of Cuscuta.
 

5. "Sink strength" of the site of attachment of Cuscuta, in 
comparison with
 

developing legume seeds
 

Our experiments present additional evidence that phloem transport 
from
 

source to sink is dependent on turgor-pressure differences between 
sieve
 

tubes of source regions and sieve tubes of sink regions 
(see also several
 

chapters in Zimmermann and Milburn, 1975). Addition of sucrose or mannitol
 
(osmotic


to the solution filling the seed coat cavity will change 
tps 


potential or solute potential; Smith and Milburn, 1980 a,b) of 
the solution
 

present in the seed coat apoplast. This will cause an osmotic 
efflux of
 

water from the sieve tubes of the seed coat and a reduction of phloem qip
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(pressure potential or turgor pressure; Smith and Milburn, 1980 a,b). The

propagation of the change in tJp along the siev-tube pathway can occur vary

rapidly (Smith and Milburn, 1980a) and recent data suggest that also phloem

loading of sucrose can be stimulated by a reduction in phloem 4 (Smith and
Milburn, 1980b). A high solute concentration in the apoplast of sink tissues
 
(e.g. the site of attachment of Cuscuta and the seed coat of developing

legume seeds) may be maintained by metabolically controlled phloem unloading.

If phloem transport into the sink region and phloem loading in the source

region are stimulated by a high solute concentration in the sink apoplast,

some parallel may exist with the phenomenon of "phloem bleeding", after the
procedure of making incisions into sieve tubes (cf. Smith and Milburn, 1980

a,b). 
As can be concluded from the premature exhaustion of the host, after
 
infection by Cuscuta or Orobanche, the reaction on the presence of a

parasite will be stronger than the reaction on the presence of developing

fruits. However, a strong parallel does exist. If the premature death or
 
exhaustion of legume plants, as a result of infection by Cuscuta or

Orobanche, is regarded as "murder", the more gradual transport of

assimilates from maternal plant into developing seeds can be seen as
 
"suicide". Presumably, one of the "secrets" of the competitive power of

Cuscuta is the fact that the specialised phloem tissues in the haustoria are

situated very strategically, viz. adjacent to the sieve tubes in the main

vascular bundles of the host plant (cf. D6rr, 1972). 
As a result of enhanced
 
phloem unloading at the site of attachment of Cuscuta, the haustoria are
 
"bathed" in an elevated sugar and amino acid concentration. As a result of

the high solute concentration in the "bath", the whole host plant may be

stimulated to transport solutes into the region of that "bath" (turgor
sensitive processes). 
Phloem unloading and a high solute concentration int1a

apoplast of the sInk end of the phloem pathway will co-operate in maintaining
 
a high "sink strength" at the site of attachment of Cuscuta.
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PHYSIOLOGICAL APPROACH TO THE CHEMICAL CONTROL OF CUSCUTA: 
 EXPERIMENTS WITH
14C-LABELLED HERBICIDES.
 

Andr6 FER, 
 Laboratoire de Botanique, Universit6 Scientifique et M6dicale de
Grenoble, B.P. 68, 38402 Saint-Martin d'H~res C~dex, France.
 

Abstract- Dodder 
 (Cuscuta) is widespread in France, 
specially in alfalfa,
and available 
control methods 
are expensive and inefficient. 
 A careful
examination of Cuscuta physiology suggests that phloem-mobile herbicides may
be able to destroy selectively the parasite attached to its host plant. This
hypothesis is 
 supported by the results of experiments carried out with 14 Clabelled herbicides. 
 Dicamba and glyphosate were more 
strongly accumulated
by the parasite than was 2,4-DB. Glyphosate in particular showed promise for

selective control.
 

INTRODUCTION
 

Dodders (Cuscuta spp) are parasitic weeds difficult to 
control. They
cause losses by reducing yield and sometimes also the quality of many
important commercial crops. 
 This parasite is spreading rapidly in France,
specially in alfalfa (Medicago sativa L.) 
(Fer 1981 b and 1983 b; Hacquet et
al., 1983). At present the two principal methods used to control Cuscuta are
application of chlorpropham (CIPC) or chlorthal (DCPA). 
 Chlorpropham kills
Cuscuta at the seedling stage, before 
 its attachment 
 to the host plant
(Slater et al., 1969; 

of 

DAWSON et al., 1969). Chlorthal inhibits attachement
Cuscuta seedlings treated
to alfalfa (Bayer 
et al., 1965). These
herbicides are 
not able to control 
 Cuscuta at the parasitic stage,
patches have developed. These available methods 
when
 

seldom give 100 percent
control, and effects last 
only for 3 to 
 5 weeks after the 
 herbicide
application. So, repeated treatments are needed as Cuscuta emergence occurs,
sporadically throughout 
the growing period of 
alfalfa (Koyama and Furuya,
1979; Hutchison and Ashton, 1980). These control methods are not extensively
used in France because they 
 ar- too expensive and not sufficiently

effective.
 

A new control method is therefore needed which will destroy the parasite
after its attachment to the host plant, 
without harming the crop. Such a
method would 
have several important advantages: the herbicide would
applied only on Cuscuta patches, be
 
at a stage when the farmers can easily see
the parasite and the cost of such treatments could be lower.
 

To choose, 
among the available herbicides 
that may be of interest in
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it is necessary
selectively controlling Cuscuta attached to its host plant, 


to summarize the physiological particularities of the parasite.
 

Cuscuta at the parasitic 	stage is characterized by a very reduced
 

1977). Thus, the parasite must obtain large
photosynthetic activity (Fer, 


quantitaties of organic substances from the host plant. It is now 
well known
 

sucrose (Jacob
that organic substances are obtained from the host mainly as 


Fer, 1978) and to a lesser- extent as amino-acida (Fer,
and Neumann, 1968; 

the host phloem sap.


1981 a). These metabolites are obtained from 

shown that more than 80 % of the sucrose
Experiments with 

14 C-sucrose have 


out of 	 taken up by Cuscuta (Jacob and

exported a parasitised leaf was 


Neumann, 1968; Wolswinkel, 1977; Fer, 1979). Mineral ions such as K
+ and
 

P04-) are also derived from the host phloem. On the contrary very low
 

amounts of Ca++ (a typical xylem-mobile ion) are derived by Cuscuta 
from the
 

1991 a); this lasL result suggests a very low

host xylem sap (Fer, 


The transpiration rate of this parasite
transpiration rate of the parasite. 


has often been supposed to 	be low (Tsivion, 1978; Schaffner, 1979), but
 

direct measurements have never been performed. Results reported below
 

and this suggests that
confirm such a low transpiration rate in Cuscuta 


systemic herbicides that are translocated in the host xylem via the
 

transpiration stream must probably be discarded. Indeed, one may expect 
that
 

such herbicides would move and accumulate mostly in the host organs with
 

rate and would be more deleterious for host than for
high transpiration 

parasite.
 

t systemic herbicides that 	are mobile
On the contrary, one may expect tt 


in the host phloem pathway will be taken up and accumulated by the 
parasite.
 

The deleterious effects of 	such herbicides would be greater for the 
parasite
 

In order to test this hypothesis experiments have
than for the host plant. 

their phloem
labelled herbicides differing in
been carried out with three 


mobility: 2,4-DB, a poorly phloem-mobile herbicide, dicamba and glyphosate,
 

two highly phloem-mobile herbicides (Ashton and C'rafts, 1973; Christ, 1979).
 

METHODS AND MATERIALS
 

1. Plant material.
 

Cuscuta species.used were C. lupuliformis Krock. and C. rwllexa Roxb.
 

and host species were Pelargonium zonale (L.) Aiton and Ricinus communis L.
 

The experiments with labelled herbicides were carried out using isolated
 

host leaves parasitised by a young growing Cuscuta plant (Fig.1); this 
model
 

has been used previously for transport studies (Fer, 1981 a).
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Figure 1. 
Plant material used: detached Pelargonium leaf
 
parasitised by a young Cuacuta plant.
 
- BI : leaf blade. 
- P leaf petiole.
 

i - Hc :Cuscuta haustorial coil. 

HC - Sh : growing young Cuscuta shoot.
 

N-vce' 

2. Herbicides used and modes of application
 

Three 1 4 C-Labelled phloem-mobile herbicides were used: 2,4-DB-1- 1 4C,
 
dicamba ring-1 4C (U) and glyphosate methyl-14C. These herbicides were
 
applied as pure active substances dissolved in distilled water without
 
addition of surfactant or other formulation products. The amount of
 
herbicide applied is specified for each experiment. The herbicide treatments
 
were performed by standard laboratory methods (Fer and Chamel, 1983).
 

In most cases, the herbicide solution was applied on the upper side of
 
the host leaf blade (as a droplet or as a spray). In some cases the
 
herbicide solution was quickly absorbed through the cut end of the isolated
 
leaf petiole which was then fed with distilled water. The absorbed herbicide
 
was translocated into the host leaf blade by the transpiration stream. The
 
treated parasitised leaves were then kept in a growth chamber (Fer and
 
Chamel, 1983) or in the laboratory for 1 to 5 days.
 

On Cuscuta the herbicide solution was applied as a droplet on the
 

surface of the shoot.
 

Each experiment was replicated at least three times.
 

3. Radioactivity localization and measurement.
 

At the end of the experimental period leaves which had received the
 
labelled herbicide on the blade (droplet or spray) were washed to remove the
 
non absorbed herbicide. The radioactivity of 'he washing solutions was
 
measured by scintillation counting (Packard spectrometer). The parasitised
 
leaves were divided into several parts: leaf blade, leaf petiole, Cuscuta
 
haustorial coil and Cuscuta shoot, before drying in an oven at 500C. 
The
 
separation of the parasitised leaves into several parts was to prevent
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different parts during the drying
 
movement of the herbicide between these dried plant
 

were obtained by application of 

process. Autoradiographs 

material against kodak radioagraphic 

films.
 

of the
after combustion
were performed
The radioactivity measurements the
C02 evolved during
The labelled
Oxidizer.
samples in a Packard 


combustion process was absorbed by 
carbosorb (Packard) and the radioactivity
 

was measured using permafluor V 
(Packard) as the scintillation 

coktail.
 

RESULTS
 

1. Transpiration of Cuscuta
 

using castor bean (Ricinus communis L.)
 
An experiment was carried out The pots enclosed in
 lupuliformis.
parasitised by C. 
growing in pots and were placed on the
 

polyethylene bags to prevent water loss from the soil, 


aerial part of the parasitised plants 
was
 

of the
The water loss
balance. then harvested and the
 
h. Cuscuta shoots were 


measured each 30 mn for 2 mn for 2 h). This
 
host plant alone measured (each 30 


water loss of the 2 pm; under direct
between 10 am and 

experiment was carried out in July, 


sunlight; temperature was 26
0C and relative humidity 65 %.
 

C. lupul'formis,

1) show that transpiration of 


The results (table 

was only 2 % of that of the host leaf
 a fresh weight basis,
expressed on 


So, it is clear that the total amount of 
water derived
 

transpiration rate. Moreover, experiments
 
host plant by the parasite is very small. 
from the 

(not reported here in detail) show that a
 
conducted with tritiated water 


part of the water derived from the host 
is obtained by Cuscuta from the host
 

the amount 
of water
concluded that 

plant phloem pathway. So, it can be 


derived by Cuscuta from the xylem of 
the host plant may be very low.
 

Table 1
 

Transpiration rates of Cuscuta and 
host leaves.
 

Transpiration rates
 
mg H20.g-
Plant material -h- 1
 

fresh weight
 

369 41
 
Ricinus communis leaves (blades only) 


7.5 t 1
 
C. lupuliformis shoots growing 


on Ricinus
 

Values= mean of 4 replications t standard 
error of the mean
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2. Experiment with 2,4-DB
 

This experiment was conducted 
using three isolated Pelargonium leaves

parasitised by C. lupuliformis. The labelled 2,4-DB solution was applied as
 
a droplet (100 p1 = 5 pg of 2,4-DB) on the upper side of the host leaf. Five
days after the treatment 30 to 50 per cent 
of the applied 2,4-DB had been

absorbed by the leaf blade. Autoradiographs of the treated parasitised leaf,
showing the precise localization of the 
absorbed herbicide are presented

elsewhere (Fer and Chamel, 1983). The distribution of the absorbed 2,4-DB in
the different parts of the leaf and 
 in the parasite is given in table 2.

These results provide evidence that 15 
per cent of the 2,4-DB absorbed by
the host leaf was transfered to the parasite. According 
to the mode of

application of 
the 2,4-DB solution, it can be concluded that the transport

of this herbicide from host to parasite takes place through 
the phloem

pathway (Fer, 1981 a). 
 At the end of the experimental period no phytotoxic

effects were observed, either on host leaf nor on parasite.
 

Table 2
 
Distribution of the absorbed 2,4-DB in the different parts of the leaf and in
the parasite 5 days after application as a droplet on the host leaf blade.
 

2,4-DB content, expressed

Plant part 
 as % of the total amount
 

absorbed by the leaf blade
 

Treated area of the leaf blade 
 72.5 + 5.6
 
Other part of the leaf blade 
 9.7 + 1.9
 
Leaf petiole with attached Cuscuta haustorial coil 2.3 + 0.7
 
Cuscuta shoot 
 15.5 + 3.2
 

Values = mean of 3 replications + standard error of the mean.
 

3. Experiment with dicamba
 

The experiment reported here was carried out with four 
isolated
Pelargonium leaves 
parasitised by C. lupuliformis. The labelled dtcamba
 
solution was applied as a spray (1 + 0.2 ml 
= 14.4 + 2.9 jg of dicamba) on
the blade of each 
 leaf. Four days after the treatment the leaf blades had

absorbed 86 to 90 % of the applied dicamba. The distribution of the absorbed

herbicide in the different 
parts of the leaf and in the parasite (table 3)

shows that 72.5 
% of the absorbed dicamba was exported, via the phloem

pathway, into the parasite. 
 Moreover the dicamba concentration in the
parasite s&.oot (220.8 pg.g-1 
of dry weight) was about thirtyfold higher than
in the t eated host leaf blade 
(7.24 pg.g-1 of dry weight). An
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the treated parasitised leaf
 
autoradiograph showing dicamba 

localizaton in 


is presented in another paper 
(Fer and Chamel, 1983).
 

Table 3
 

the host leaf blade.
Distribution of the absorbed dicamba 
in the different parts of the leaf and in
 

spr on
catin as
after
the arasite 4 days 


Dicamba
Dry weight 

concentration
of Plant part
Oicamba content
Plant part g mg pg. of Dry weight
 

7.24 + 0.42359 + 20 

2.60 + 0.22 (22.09)0blade
Host leaf S 7.14 + 1.7089 + 9
0.64 e 0.14 (5.43)*
petiole 


96.6 + 8.46 + 1 
0.58 + 0.10 (4.92)* 


Cuscuta haustorial coil 36 + 3 220.8 + 17 
7.95 + 0.71 (67.54)*shoot 


mean of 4 replications ± standard 
error of the mean.
 

Values = 

Values in parenthese are % of the 

total dicamba absorbed by the host.
 
* 

phytotoxic effects were observed
 
At the end of the experimental 

period, 


the oldest part of the shoot 
had coiled itself into spiral;
 

on the Cuscuta: had stopped
the shoot 

the shoot was bent at the nodes; 

the apical part of 
 but
 

its circumnutation movement 
and the growth rate of the shoot 

was lower, 


growth was not stopped.
 

4. Application of glyphosate 
to the host leaf.
 

a) The herbicide applied as 
a droplet on the uaer side 

of the host leaf
 

6 isolated Pelaonium leaves
 conducted using
This experiment was
blade. 
parasitised by C. lupuliformis. The labelled glyphosate 

solution was applied 

pl = 8.8 pg of glyphosate) on the 
upper side of each host 

as a droplet (10 


leaf blade. Four days after 
the treatment the leaf blades 

had absorbed 24 to
 
(not


= 32.7 %). Autoradiographs 

of the applied glyphosate (mean


43 % 

presented) of the treated leaves 

showed that the absorbed herbicide 
had been
 

that the labelled
 was observed
Moreover it
the parasite;
accumulated by parasite: glyphosate
within the
distributed uniformly
herbicide had not ta shoot (especially in
 

accumulated much more in the 
apical part of the C 


buds) than in the haustorial 
coil.
 

The distribution of the absorbed 
herbicide in the different 

parts of the
 

% of the absorbed
that 75
(table 4) showed 

leaf and in the parasite 

via the phloem pathway into 
the parasite.
 

been translocated
glyphosate had 
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The glyphosate concentration was seventeen fold higher in 
 the parasite

(47.4 pg.g-1 of dry weight) than in the treated host leaf blade (2.79 Yg.g-I
 
of dry weight).
 

Table 4
 
Distribution of the absorbed glyphosate in the different parts of the leaf and
in the parasite 4 days after application as a droplet on the host leaf blade.
 

Plant part glyphosate content
(Yg) Dry weight of Glyphosate concentration
plant part (mg) ,g.g-ldry weight
 

Leaf blade 0.58 1 0.06 212 t 15 2.79 t 0.29 
(20.0)° 

Leaf petiole 0.14 1 0.04 75 4.5 1.80 t 0.51 
(4.8)* 

Dodder 2.18 1.0.19 50 9.5 47.4 9.1 
(75.2)*
 

Values = mean of 6 replications + standard error of the mean.
 
Values in parentheses are % of total glyphosate absorbed by the host.
 

At the end of the experimental period, 
the following phytotoxic effects
 were observed on the Cuscuta: the oldest part of the shoot had coiled itself
 
into spiral; the shoot, 
usually red in this species, became rose-coloured;

the growth and the movements of shoots were 
strongly inhibited; in some
 
cases, necrosis was observed on buds.
 

Table 5
 
Distribution of the absorbed glyphosate in the different parts of the leaf
and in the parasite 4 days after glyphosate was introduced, through the cut
 

end of the petiole, in the host leaf transpiration stream.
 

Plant part Glyphosate content Dry weight of Glyphosate concentration

(pg) plant part (mg) ug.g-l.dry weight
 

Leaf blade 1.365 1 0.100 
 319 18 4.10 0.45
 
(33.69)*
 

Leaf petiole 
 0.826 1 0.095 87 4 9.5 1.1
 
(20.39)*
 

Cuscuta 
 1.860 ! 0.292 
 33 7 65.6 + 5.8
 
(45.92)*
 

Values = mean of 8 replications + standard error of the mean.
* Values in parentheses are % of the total glyphosate absorbed by the host.
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introduced in the host leaf transpiration 
stream. This
 

b) The herbicide 

using 8 isolated Pelaronium leaves parasitised
experint was carried out 


by C. = 4.4 pg of glyphosate)
lupuliformis. Each leaf absorbed 
through the cut end of its petiole 

a
 

of labelled herbicide solution (50 pl 
small volume Four days after the treatment, 
about
 

and then was fed with distilled 
water. 


46 % of the applied glyphosate 
had been exported via the host 

phloem pathway
 
concentration was
the glyphosate
5). Moreover


into the parasite (table 

in the parasite (65.6 ,g.g-i of dry weight) 

than in the
 

sixteenfold higher At the end of the experimental
 
host leaf blade (4.1 pg.g-I of 

dry weight). 


period the phytotoxic effects 
previously described were also 

observed.
 

5. Application of glyphosate to the Cuscuta _hoot.
 

long at
This experiment was carried out 
using C. reflexa growing on 

40 
R. 
cm 

communis.
 

Four terminal Cuscuta shoots 
were selected; they were 30 to 


A droplet of the herbicide solution 
(30 pl
 

the beginning of the experiment. 
 shoot (fig.
 
26.4 pg of glyphosate) was applied 

on the middle part of each 

= each shoot had grown 10 to 15 

cm, a
 
the treatment
2). Twenty hours after were then harvested and
The shoots
this species.
normal growth rate for of each segment


and the radioactivity

3 cm long segments
divided into 


measured. 

3CM 

=5 I W4 

3W 
34
2 

U, 

0.- IA. 

UI 
3-
Q . 

0In 
C0 

2-


Isf
 

0 

144 

RAPIDLY GROWING
 

SPOT WHERE THE GLYPHOSATE 
 APICAL PART
 

DROPLET WAS APPLIED 


of a Cuscuta Shoot 20 h
the different parts

Figure 2.- Glyphosate 
after applying 

content 
a droplet 

of 
the middleof 14C-glyphosate solution on 


drawn below the absciss
 
part of the shoot. The Cuscuta shoot is 

lir.e. 
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Each Cuscuta shoot absorbed 12 to 17 % of the applied glyphosate. 
About
50 % of the absorbed herbicide moved out of the treated 
part of the shoot,
but only in the upward direction. The translocated glyphosate accumulated in
the apical region of the 
 Cuscuta shoot which had grown 
during the
experiment. Figure 2 reports the results obtained with one of the C. reflexa
 
shoots used.
 

DISCUSSION
 

Transpiration rate 
was demonstrated to be very low in C. 
lupuliformis.
This and the 
 data on nutrition of 
the parasite show that 
highly phloemmobile herbicides may be of interest in Cuscuta control. This hypothesis was
tested using three labelled herbicides.
 

The isolated parasitised leaf was proved to be a good miniature model of
the host-parasite system. 
This model possesses all the 
 components required
for studies relative to the transport of phloem-mobile substances: 
 a source
(the leaf blade), a long distance transport pathway (the leaf petiole) and a
sink (the attached parasite).
 

Because of the small size of the model it was possible to carry out many
experiments with 
limited amounts of labelled herbicides, 
the cost of which
is often very 
high. Nevertheless 
the isolated parasitised leaves
preserved in can be
a good physiological state 
 for a period of 7 to 8 days only;
the duration of the experiments must therefore be limited to 4 or 5 days.
 

Experiments with 2,4-DB, 
dicamba and glyphosate demonstrated that these
three herbicides were exported out of the treated host leaf blade, 
 via the
phloem pathway, and were taken up by Cuscuta. The ability of the parasite to
derive the natural substances (sucrose, amino-acids, mineral ions...) moving
along the host ph]oem 
pathway had previously been well demonstrated (Jacob
and Neumann, 1968; Wolswinkel, 1977; Fer, 1978, 1979 and 1981 a). 
It is now
shown that Cuscuta is 
 also able to take up xenobiotic substances moving in

the host phloem.
 

These three phloem-mobile herbicides 
are taken up by Cuscuta but they
are not accumulated 
to the 
 same extent in the parasite.
glyphosate (two Dicamba and
highly phloem-mobile herbicides) are much more accumulated
in 
Cuscuta than 2,4-DB (a poorly phloem-mobile herbicide).
of Cuscuta to take up and 
So, the ability


to concentrate herbicides applied 
to the host
leaves depends on the mobility level of these herbicides in the host phloem

pathway.
 

If we consider now the 
 distribution of 
the absorbed herbicides within
the parasite, differences can be observed according to each herbicide. 
In
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almost uniformly
the absorbed herbicide is 
the case of 2,4-DB and dicamba, 
 1983). In the case of
 
distributed along the parasite shoot 

(Fer and Chamel, 


glyphosate, the absorbed herbicide is 
accumulated much more in the meristems
 

(vegetative and floral buds) than in the 
other parts of the shoot.
 

2 to 4 days after the
 
Phytotoxic effects could be observed 

on CusCuta 


application of dicamba or glyphosate 
on the host leaves.
 

large quantities of glyphosate from the host
 
Cuscuta not only derives 


its shoots. So, in
 
plant but also absorbs glyphosate applied directly 

on 

the host and the attached parasite, the
 

after spraying
field conditions, 
 would be higher than in our
 
amount of glyphosate taken up by the parasite 


experiments.
 

the upward
moves within the parasite only in 

The absorbed glyphosate 


withiki the parasite, of the
 
unidirectional translocation,
direction. The 


host has previously been demonstrated (Fer,
from the
assimilates derived 

So, a xenobiotic substance such as glyphosate 

is translocated in the
 
1977). 

host-parasite system in the same way as the assimilates.
 

in this paper strongly suggest that
 
All the experiments reported 


low rates of highly
the attached parasite using
selective destruction of 

may be a promising method of Cuscuta control. In
 

phloem-mobile herbicides 

since this new strategy of control has been 

envisaged (Fer, 1981 b),
 
fact, 


tested at the field level and the preliminary 
results are
 

it has also been 

1982 and 1983; Hacquet et al., 1983). This
 

encouraging (Dawson and Saghir, 


new strategy must therefore be further investigated, 
at laboratory and field
 

to determine with precision the conditions 
required for total and
 

levels, 
 and in other
in alfalfa,
of the attached Cuscuta
selective destruction 

important commercial crops.
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RA1JANA NAGAh and G.G. SAIINAL, Departnent of Biochemistry, 
Lucknow University, Lucknow-226 007, India 

earlier demonstra-Abstract Cell-wall degrading enzymes were 
tPA byus in Cuscuta reflexa Boxb. and its hosts. To explore 

tho mechanism of parasitism, studies were made to test the 

iactors affecting the activities of cell wall degrading enzy

mes in susceptible and non-susceptible plants. Pectin methyl

esterase, polygalacturonase, cellulase-Cl and cellulase-Cx 
activities of Cuscuta were inhibited by extracts of Ipo
 

batatas (L.) Lam. and Solanum tuberosum L. suggesting the 
p-se nce of inhibitor(s) of these enzymes in Ipomoea and 
&joanm. The inhibitor(s) of Cuscuta cellulahe-Cx from 
:4,tu9%.rsum and I . atatas was characterised. The inhibitor(s) 
was -atersoluble, heat resistant (1009C 5 min) and low mole
cular we...ght dialysable substance(s). Dixon plot indicated a 
non-competitive nature for the Cuscuta cel.lulase-Cx inhibitor. 
The .ii .bit)raction could be abolished on addition of EDTA 

suggesting a metallic nature of the inhibitor(s). Of the diva-
Ca++ proved to be the most potent inhibitorlent ions tested, 

of Cuscata ceiiulase-Cx followed by Mg++, ,in+ + and Fe++. Five 
to T-"T' 5 higher content of calcium was found in non.suscept

ible pl nts compared to susceptible hosts. The inhibitor(s) of 

the parasite celln1ase-Cx activity present in non-susceptible 
plants appears to ba Ga-t+ either alone or in combination with 

Fe++, In preliminary greenhouse experiments1Mg++, 14n++ and 
spraying the infected plants with cellulase inhibitor, Ca++,
 

led to selective destruction of the parasite.
 

INThODUCTION 

Krohn (1934) reported that not all plants are susceptible 
to parasitism from dodder. Gaertner (1950) has listed species
 

has been done so far to investiimm.une to dodder. Very little 
,:ate physiological ana biochemic l aspects of host specificity 

1978a). BaseJ on the ap.licationof' parLisitic plants (Tsivion, 
of cytokinin in haustorial development, Tsivion (1978b) conclu
ded that in vivo the recojnition of plants by Cuscuta exhibits 
little or--no_-7cifi city. T:here specificity for a ljant host 
.oes exist, it is not connected with the level of recognition. 

it is, therefore, of interest to explore other factors res
:.onirJle for making some pl;,nts non-susceptible to parasitism 
for aodjer. To ex: r:irle if tne non-susceptibility of certain 
plLnts is aue to the pres ,-uce of the inhibitor(s) of key 
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enzymes involved in haustorial development, experiments havebeen conducted on tuberosum L. and D UWL.)Lam.which are non-suscD ible to parasitism by i-i a
and results are reported below. 

METHODS AND MATERIALS 

Plants
 

Alfalfa (Mdicago 3ativa L.), bean (Phseolus v
 

lantana (imcamar=aja makol 0 umn ni 
 L. ,mus tardBr, 
 pea a L. and sunflower
( lkjMvus L.) were used as as ts Iror scutaPoxb. In addition to the susceptible hosts, sweet potatU
 
(ijom b t) and 
 jotato a tuberosuM), which arenot susceptible to dodder infectiongere grown tn the departmental garden under natural conditions of light and humidity.
From plants, about 2 months old, 6 cm twigs were cut from
vigorously growing branches and leaf blades removed. The 
 resulting stems along with petioles were used in the following

experiments.
 

Tissue homogenisation and enzy trc
 

Pectinmethyl esterase (PME), polygalacturenase (PG),xylanase, cellulase-Cl (active agairst natural cellulose)andcellobiase enzymes extractedwere by the method of Ahmed and
Labavitch (1980). Cellulase-Cx (active against CM-cellulose)

was extracted by the method of Pharr and Dickinson (1973). 

P rtion of inhibitor extract
 
A 20 % (w/v) homogenate of .bata./S. tube u"., wa
 

prepared by grinding 4 g of tissues (sems 
 and petioles)with
20 ml of 0.1 M Na-acetate buffer, pH 5.0 in a chilled pestle
and mortar. The homogenate was centrifuged at 15,000 x g for
30 min and the supprnatant obtained was the
entitled inhibitorextract. In some experiments the inhibitor extract was dialysed in a cellophane bag witlt several changes of water for24 h. at 0-4 0 C. A total dialysate volume of 500 ml was obtained from 10 ml of the supernatant. The dialysate was concentrated in a flash evaporator at 400 C to 10 ml. 

2z e assays 

All enzyme assays were carried out under conditions oflinearity with respect to enzyme concentration and time and
at optimum substrate concentration. 
The PME activity was

determined according to the method of Kertesz (1955). PGxylanase and cellulase-Cl activities were determined by theprocedure adopted by Ahmed and Labavitch (1980). The cellu
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lase-Cx activity was measured according to the method of 
Pharr and Dicktnson (1973). One unit (U) of cell wall hydro
lytic activity is defined as the amount of enzyme required to 
catalyse the release of 1 u mole of glucose per min. One unit 
of PME caused the hydrolysis of one equivalent 6f ester in 
one min. 

The inhibitory effect of extracts on cell wall degrading 
enzymes of Cuscutg was determined by adding different amounts 
of extracts ia the assay system in place of water.
 

Estimation of calcium 

The calcium content was determined according to the method 
of Humphries (1956). 

RESULTS
 

Search for factors affecting the activities of cell wall d

grading enz es of the parasite in susce tible Tad non-su 
ceptible plantsM 

To test the presence of inhibitor(s) or activator(s) of 
cell wall degrading enzymes of the parasite in host and non
host plants, equal amounts (0.5 ml of 20% w/v homogenate) of
 
extracts from G.reflexa and host/non-host plants were mixed
 

the mixed extract and individual
and activities determined in 

extracts. The sum of activities of individual extracts were
 
higher than activities in the mixed extracts for PME, PG,
 
cellulase-Cl and cellula.ze-Cx for non-susceptible plants. 
I.batatas and 6.tuberosum (Table 1) suggesting the presence 
of an inhibitor(s) of these enzymes. No such inhibition was 
observed for xylanase activity of the parasite. On mixing the
 

extracts of susceptible host, .annuus )r M.sativa and Cuscuta,
 
was
no inhibition of cell wall degrading enzymes of Cuscuta 

observed. 
Table 1 

Effect of mixing of extracts of non-susceptible plants and
 
Cuscuta on cell wall degrading enzymes of Cuscuta 

Enzyme activity, mU 

PME PG Xylanase Cellulase-Cl Cellulase-Cx
 

Cuscuta 59 3.8 3.5 2.4 0.65
 

3.9 0.20
I.batatas 19 2.0 0 


Cuscuta +
 
7.6 0.09
I.batatas 28 1.2 1.9 
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90Inhibition (%) 64 80 0 21 

Cuscuta 58 3.8 3.5 2.4 0.64
 

0.20
Stubergsum 28 1.5 1.2 0 

0.08
Cuscuta + 34 0.9 4.7 1.9 

Inhibition (%) 60 83 0 20 90 

Characterisation Ol inhibitor(s)-of cellulas1Cx 

Effects of addition of 0.2 ml of differently treated 
jpmoea/Solanum.extracts to 0.5 ml of ,cu cellulase-Cx 
enzyme were studied (Table 2). Heating the inhibitory extra
cts from I and S in a boiling water bath for 5 min, 
did not lei to any J.ossin the inhibitory activity. Dialysis 
against water resulted in major loss of the inhibitory acti
vity. The inhibitor activity was recovered in the dialysate of 
heated extracts. Dialysis or desalting of the inhibitor ex
tract led to slight enhancement of cellulase-Cx activity ofIRo oa/ 52anum. 

Table 2
 

Efect of adition of Ipomoea and Solanum extracts on 9uscuta ...... cellul aag-.Cx activity 

Solranum 

Additive 1 2 Inhibition 1 2 Inhibition 
mU mU % mU mU 

Nil 0.62 0.60
 

Untreated 0.07 0.11 84 0.08 0.08 88 
extract 

Dialysed 0.09 0.66 7 0.10 0.65 7 
extract
 

Heat treated
 
extract 0 0.07 89 0 0.06 90
 

Dialysed 0 058 7 0 o.56 7
 
heated extract 

Dialysate from 0 0.08 87 0 0.07 88 
heated extract 

1-Enzyme activity; 2-Observed mixed activity with Cuscuta.
 



Kinetics of inhibition 

The percent inhibition of cellulase-Ox activity was found 
the amount of the inhibitor(heatedto increase on increasing 
tested at two concentrations of the

dialysate of 6,tuber ~sum) 
substrate. The-Dixon plot of the data (Fig.1) shows no change
 

in the Km value for Cuscuta cellulase-Cx in the presence 
of
 

value was decreased. This suggests
the inhibitor, but tEh-

non-competitive nature of the inhibitor.
 

C 

.0 	 0.02 0.04 0.06 00 
Vol. of Slen4m dilye,- t@(01) 

Dixon plot for inhibition of Cuscuta cellulase-Cx 
acti

Fig.l 

vity 	by heat treated dialysatefromS. tuberosum
 

0- O, 0.a3 % (w/v) CM Ca nu- 0.7 % 
(w/v) CM cellulose. 

DTA and metal ions on Cuscuta cellulse activityEffect of 


1 and 10 mM EDTA did not produce any effect on Cuscuta
 ia-The addition of 0.2 ml of hnt~Te
cellulase-Cx activity. 
 cellulase-Cx
lysate from Solanum extract to 0.5 ml of Cuscuta 
activityled to about 90 4 inhibition of the enzymeenzyme 

addition of the metal chelating agent,
which was reversed on 

This 	suggests metallic nature of cellulase-Cx
EDTA 	 (Table 3). 

in the dialysate of 6olanum extract. Of the
inhibitor present 

potent inhibitor of
varicas metal ions tested, Ca++ was the 

Fe++ . Cuscuta cellulase-Cx followed by Mg++, Mn++ and 
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Table 3 
Aerqj 011 CUta cll• - b tion b DT d ect 

Addi tive Ac tivi ty Inhibition 

Control 0.65
 
Control + heated
 
diamysate from Solan 0.06 91 
...------- . EDTA (1 mM) 0.54 17
 
------------ + EDTA 
 (10 mM) 0.60 8
 
Control + CaSO4 (1 mM) 
 0.25 62 

" + MgS04 (1 mM) 0.36 45 
o + MnS04 (1 M) 0.41 37 
" + FeSO4 ( mM) 0.54 17 

Q son of calcium content ol stemssuc Ible and and petioles of non-SUsceptabiq hosts of-Cu-scuta 

Calcium content of -. batatas and S.tub which-rosum, are
not susceptible to parasitism by , was significantly
higher than the susceptible hosts ,e4).a Amongst susceptible hosts, Ca++ contents of yua2j and . werehigher compared to other hosts. 

Table 4
 

of petioles hatsts . and-Calcium- ntnt susceptible and ofnon-susceptibleCsut:. . 
Plants 
 % calcium conter 

Fresh weight basis Dry weight basis
 

Susceptible : 
P.2meaeirs 0.019 
 0.18 

0H..unuis 0.150.021 

L.camara 0.021 
 0.13
 
M.sativa 0.018 
 0.07
 
,.satvum_ 0.021 
 0.19
 
. vuaris 0.041 
 0.26
 

S. nigrum 0.030 0.26 
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Non-susceptible :
 
I. 0.15 1.3 

1.7
O.0tuberosul02 


The values reported are mean values of 3 experiments.
 

Control of cuscuta by Calcium
 

To test if calcium has any effect on the survival 
of
 

several garden experiments were carried out. S
Cuscuta 

plants jabout 50 cm in height and about 2 months 

old),grown on
 

pots in garden soil, were infe-ited with 
the parasite by twin

ing 15 cm length of Cuscuta filaments. 
In about 7-10 days,
 

Cuscuta was well estabTished and vigorous 
infection had occur

were sprayed

At this stage 6 plants each of S 


till thorough wetting with various conc--rations of CaC12.
 

About 25 ml of CaC12 solution was used 
per plant. Spraying
 

with 0.5, 0.75 and 1 M concentrations 
of GaC12 regularly for
 

5 days (once every day) led to browning 
of Cuscuta and wilting
 

of the host plant with leaves turning 
to paTe Brown. Spraying
 

with 0.25 M CaC12 for 5 days destroyed 
Cuscuta but leaves of
 

the host plant turned yellow arid wilted. The wilted host
 

on watering for 20 days resulted in greening 
of leaves
 

plants 

Successful eradication of
 with recovery to original state. 


' CaCl2 once a
 
the parasite was achieved on spraying 

with 0.1 


week for five weeks. This resulted in 
drying of Cuscuta with
 

slight wilting of the host leaves. Continuoswatering

only 
for 20 days turned the host plant green 

and completely healthy.
 

Similar results were obtained by spraying 
0.1 M CaCl2 on
 

Cuscuta parasitising B. campestri5s
 

DISCU6SION
 
. tuberosun and bL~~§ do not allow haustorial. forma

tion and thusno vasclar-contact with 
the parasite is made.
 

These plants apparently have a unique biochemical 
shield which
 

This shield may be comprotects against angiosperm parasite. 


posed of a variable array of the so-called 
secondary subst

ances or internal factor(s) or metabolites 
which provide resis

tance to parasitej;,e Metal ions, proteins, phenols, lignin,
 re
phytoalexins, plant hormones and stilbenes 

are variously 


ported to give resistance to plants against 
infection by
 

pathogens.
 

Mixing of extracts either of S.tuberosum 
or I.batatas with
 

resulted in inhibition of pectin methyl
that from ' ree 

esterase, po-yg-a-cturonase, cellulase-Cl 

and cellulase-Cx
 
Ito such inhibition of Cuscuta
 activities of the parasite. 


enzymes was observed on mixing the extracts 
from suscepile
 

hosts. Thus a characteristic of tbe non-susceptible 
plants is
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the presence of inhibitor(s) of certain cell wall degrading 
enzymes of the parasite. The inhibitory action could be aboli
shed on addition of EDTA suggesting a metallic nature of the 
inhibitor(s). Of the divalent metal ions tested, Ca+ + proved 
to be the most potent inhibitor of a cellulase-Cx follo-

Mn+ + wed by Mg+ + and . It was interesting to find over 5-10 
fold higher content of calcium in non-susceptible plants comp
ared to susceptible hosts. It thus appears that the inhibitory
factor(s) present in non-susceptible plants could be Ca++
 
either alone or in combination with Mg++, Mn++ and Fe++. 
Wallace jt 2l. (1978) reported that % calcium content of leaves 
of infected hosts of Cuscuta neXadpnjjg ranged from near 1 to 
over 10, on a dry weight basis. 

If C flx cellulase-Cx is involved in haustorial intru
sion the treatment with cellulase inhibitor should prevent
haustorial attachment and selectively destroy the parasite. In 
preliminary greenhouse experiments spraying the infected plants
with cellulase inhibitor, Ca++ led to selective destruction of
the parasite,, Field experiments are to be carried out to 
assess the efficacy of calcium spray on eradication of uscut 

-In addition to acting as a Cuscuta cellulase inhibitor C&+
 
is very immobile in the phloem (Pate, 1975) and may interfere
 
in the transport of carbohydrate and other material through

phloem.Mohanty and Reddy (1982) recently reported reduced
 
susceptibility of rice plant to infection by bacteria
 
Xanthomonas cgmpestrLs Pv. oryzae on increasing the supply of 
calcium in the _soil1._
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A VEGETATIVE CHARACTER THAT SEPARATES SPECIES OF CUSCUTA
 

J. H. DAWSON, Agricultural Research Service, U.S. Department of
 
Agriculture, Irrigated Agriculture Research and Extension Center,
 
Prosser, WA 99350, USA
 

Abstract. A consistent vegetative characteristic separates Cuscuta
 
-a ra from C. cap._trs and C. indecora. A tendril arises at each 
node of C. camitris and C. indeCoraiaidtwines about the host plant. The 
primary and lateral stems nevier tine. In contrast, C. planiflora does not
 
bear tendrils, but the primary and lateral stems twine about the host 
plant.
 

Taxonomic separation of species of Cuscuta is based on flower and
 
fruit characteristics (Fernald, 1950; Hitchcock et al., 1959). These
 
characteristics are often hard to discern (AustiniiI!9). 
In his classic
 
work on taxonomy of Cuscuta, Yqncker (1932) stated NThe taxonomic
 
characters are, in the main, limited to the flowers and inflorescence. The
 
stems rarely show anything of taxonomic value".
 

Three species of Cuscuta cause economic problems in the Pacific
 
Northwest of the USA. These are C. cmpestris Yunck., C. indecora
 
Choisy, and C. planiflora Tenore. Contrary to Yuncker' statement, there
 
is a difference in stem morphology among these three species. This
 
vegetative difference is completely consistent, and can serve to separate

the three species into two distinct groups without reference to floral
 
characteristics.
 

The purpose of this report is to describe the difference in stem
 
morphology in these three species, with the hope that persons interested in
 
taxonomy of Cuscuta might examine additional species to determine whether
 
this vegetativdfWference might serve as a critical characteristic in
a
 
key to species of the genus.
 

The vegetative morphology is the same for C. campestrts and C. 
indecora (Fig. 1). At each node of the stem there isa scale leaT aad a 
tendril. The tendril is borne outside the axil of the scale leaf and
 
twines freely about any elongated objects it contacts. By twining about
 
leaves and foliage of suitable host plants, the tendrils maintain
 
connection for support of the parasite. The primary stem never twines, but
 
continues to grow in a more or less straightforward manner. Lateral
 
branches may or may not develop from buds in the axils of the scale leaves.
 
These branches duplicate the growth habit of the primary shoot, and do not
 
twine.
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Fig. 1. Growth pattern of Cuscuta campestris and C.
 
stems, which
indecora showing primary and lateral 


never twine, and twining tendrils arising outside
 

the axil of the scale leaf at each node.
 

C. planiflora (Fig. 2) differs from the other two species in that it
 

does not bear tendrils. The primary and lateral stems twine and are
 
One or more lateral
to the host.
responsible for parasitic connection 


branches develop from buds within the axils of the 
scale leaves at most
 

Most of the stems of C. planifiora twine before they 
reach a
 

nodes. 

length of 30 cm. After twining about a host plant, they 

may grow again
 

without twining, and then twine again.
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Fig. 2. Growth pattern of Cuscuta planiflora showing-.

twining of primary stems and of lateral stems
 
arising from axils of scale leaves, and absence
 
of tendrils.
 

Tendrils of C. campestris and C. indecora not only serve the same
 
function as the lateral branches of C. planiflora, but also resemble them.
 
Both arise at nodes and both twine sTmilarly. Moreover, tendrils bear
 
scale leaves at nodes as do the lateral branches of C. planiflora. The

tendrils of C. campestris and C. indecora can be posTitively separated from
 
the lateral branches of C. planiflora because the tendrils arise outside
 
the leaf axils, whereas the lateral branches arise from buds within the
 
leaf axils (Fig. 3).
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Tendri 1
 
Lateral stem
 

Scale leaf
 

7r*, Primary stem. ~ 

C. planiflora
C. campestris and 

C. indecora
 

Fig. 3. Details of nodal morphology of three species of
 

Cuscuta.
 

The non-twining habit of the stems of C. campestris and C. Indecora
 
Under favorable 4ro -ing
allows them to grow to considerable length. 


conditions, a single plant can form a patch several 
meters in diameter.
 

In contrast, twining interrupts the forward growth of 
stems of C.
 

planiflora. Individual plants therefore form very dense patches that are
 

much smaller than those of the other two species.
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CONTROL OF CUSCUTA IN ALFALFA 
- A REVIEW
 

J. H. DAWSON, Research Agronomist, Agricultural Research Service, U.S.
Department of Agriculture, Irrigated Agriculture Research and
Extension Center, Prosser, WA 
99350, USA.
 

Abstract. Cuscuta is 
a serious problen in alfalfa, especially that grown
T- seed pr1W6Ec-Mon. 
 Care to prevent introductiorn of Cuscuta seed onto a
field and vigilance to find and destroy initial infestatio-ns-are extremely
important. 
 Resistant vrleties and biological 
ontol seem.to have very
limited possibilities. 
 Crop rotation, tifloge, and manageent of
irrigation water are helpful in controllin. Cuscuta. 
Soil-applied
herbicides (chliorprophi,. DCPA or chlorthal 
 FTm .hyiand pronamide or
propyzamidel are used to control Cuscuta In alfalfa, especiAlly that grown
for seed production. 
Certain contact hesbicides (paraquat, diquat,
dlaoseb, and DHO!.) kill attached Cuscuta, bu 
 are only partially selective,
in that they destroy the treated alflfi ioliage, but allow subsequent
regrowth of the crop from crown buds. 
A very low rate of glyphosate (0.075kg/ha) applied to alfalfa foliage after Cusclita has become attachedcontrols the parasite without injuring 'Tf significantly. Generai weedcontrol helps control Cuscuta in alfalfa by eliminating weed se.d1!Aigs thatserve as sites of firs't attachment for Cuscuta seedlings. Consequently,
certain herbicides ihat do not affect Cu'cTa-directly, such s cluron and 
sim; azine, control Cuscuta partially bj--o--yT.lling broadleaf weeds. 
THE PROBLEM OF CUSCUTA IN ALFALFA
 

The genus Cuscuta contains numerous species, all of which are obligate
parasites that atai--the stems and leaves of host species. 
While sone
species of Cuscuta have a 
narrow host range, others parasitize numerous
species of aTc&Ty&edenous plants; none are known to parasitize any speciesof grass. Alfalfa (.edicag_ sativa L.) is a favored host of severalspecies of Cuscuta, -iiT onsequently Cuscuta presents a very serious
problem in alfalfa production. 

Seeds of Cuscuta, which are similar in size and density to those of
forage legumes, germinate independently of the presence of a host plant.
Most seedlings emerge from depths of 3 
cm or less (Hutchison and Ashton,
1980). 
 The rootless seedlings emerge as arched stems (Kujawski and
Truscott, 1974), which straighten and begin to rotate in 
a counter
clockwise direction. 
They twine about the first elongated object they
touch. 
 If the object is the stem of a suitable host plant, haustorla
penetrate the host and the vascular system of the parasite connects to that
of the host (Dt5rr, 1972; Israel et al., 
1980; Thoday, 1911; Tsivion, 1978).
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The attached Cuscuta grows rapidly 
undev favorable growing conditions
 

and diverts the photosynthetic production 
of the host plant to i4self
 

1966). Consequently, host plants are severely
 (Littlefield et al., 

suppressed, and crop production can 

be reduced drastically (Torell, 1967).
 

Alfalfa that is established as a perennial 
can often survive one
 

In contrast, if alfalfa seeded in the spring
 
year's parasitism by Cuscuta. usually kill the
 
is parasitized early in the season, the Cuscuta will 


alfalfa plants.
 

Cuscuta seedlings emerge over a prolonged period 
each growing season
 

(Dawson, 1965; Maddah, 1976), because some of the hard seeds germinate
 Emergence
 
continuously as long as environmental 

conditions are favorable. 


and attachment behavior of various 
species of Cuscuta are similar, except
 

that species vary in the minimum temperature required for 
germination
 

(Allred and Tingey, 1964).
 

The seed of Cuscuta is not especially 
adapted for dispersal by wind or
 

Cuscuta seed is commonly

Most is spread by human activity.
water. 


introduced into new areas as a contaminant 
of forage legume seed and is
 

by farm machinery.

easily spread from contaminated areas 


These
 
Cuscuta in alfalfa represents three distinct problem areas. 


a) established alfalfa grown for seed 
production; b) established
 

are: Control of
 
alfalfa grown for hay production; 

and c) newly seeded alfalfa. 


Cuscuta in alealfa for seed production 
is further complicated, because
 

alfalfa seed may be grown as the only 
crop of the season, or a crop of hay
 

In general, the problem
 
may be harvested before the seed crop 

is produced. 


of Cuscuta is more serious in alfalfa grown for seed production 
than in
 

alfalfa grown for forage production. 
The frequent cutting of hay tends to
 

suppress the growth of Cuscuta and 
limits (but does not eliminate) the
 

In contrast, the longer period of growth
 maturation of Cuscuta seed. 


needed for maturation of the alfalfa 
seed crop favors the maturation of
 

Harvesting machinery easily disseminates
 abundant seed of Cuscuta also. 


the mature Cuscuta seed within the 
field where it grew and to other fields.
 

Furthermore, the seed of Cuscuta contaminating 
the harvested alfalfa seed
 

can readily be spread to ot-her fields.
 

METHODS FOR CONTROLLING CUSCUTA
 

Prevention and early destruction.
 

never to seed
 
The best method for controlling Cuscuta 

in alfalfa is 


it. This was true before herbicides 
were available (Hillman, 1907; Robbins
 

Because the introduction and
 and remains true today.
and Egginton, 1918), 

spread of Cuscuta results primarily 

from man's activity, careful husbandry
 

can usually prevent the introduction 
of Cuscuta into a field. The most
 

important preventive measures are 
planting seed that is free of
 

contamination by Cuscuta seed and by 
being sure that animals or machinery
 

do not carry seed of Cuscuta into a field.
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An equally important companion of prevention is vigilance. 
 Ifa
producer of alfalfa is constantly aware of the potential problem of
Cuscuta, he can detect any patches of the parasite and destroy them before
they have a chance to produce seed and spread the infestation. Scattered
patches can be controlled by any method that destroys the parasite along
with the alfalfa foliage to vihich it is attached. Cutting the alfalfa
stems below the point of Cuscuta attachment, burning the foliage completely
to the level of the soil 
surface, 
or applying a contact herbicide to
destroy 1l 
above ground vegetation are all effective methods for
destroying individual ?atches of Cuscuta. 
Possibly the most efficient
method involves cutting the infected area or applying a contact herbicide
followed later by complete burning of the spot after the plant material has
dried (Torell, 1968). The destruction of scattered patches in
infestation of Cuscuta is extremely important. 
a light


Such treatment is
inexpensive, anTitwill prevent the development of a general infestation,
which would require expensive broadcast treatments.
 

Resistant varieties
 

Since Cuscuta is
an obligate parasite, varieties of alfalfa resistant
to its attack would seem a logical method of control. Some research on
varietal resistance of legumes to Cuscuta has been conducted (Lilienstern,
1931), but the results have not been encouraging. Considering that several
species of Cuscuta attack alfalfa, and that many of these species attack a
wide range of host species, it seems unlikely that resistance to Cuscuta
would be found within alfalfa.
 

Biological control of Cuscuta.
 

Several authors have investigated the effect of insects (Anderson,
1974; Baloch, 1968; Baloch et al., 
1967a, 1967b, 1969; Frilli, 1966;
Marikovskii and Ivannikov, 1966; Tyurebaev, 1977) and disease organisms
(Leach, 1958; Oganyan, 1981; Rudakov, 1961) on Cuscuta. 
Although several
organisms were reported to attack Cuscuta selectively, their destructive
effect tended to be slow and incomplete. They therefore probably would not
consistently protect alfalfa from the severe and rapid damage inflicted by
Cuscuta parasitism.
 

Cultural control methods.
 

Various cultural control methods are important in controlling
Cuscuta. 
These can form an important part of integrated management

systems.
 

Because Cuscuta will not parasitize grasses, it
can be controlled by
crop rotation. Cuscuta is 
no problem in maize, small grains, or pasture
grasses. 
 During the production of a grass crop, all broadleaf weeds must
be controlled completely, so that Cuscuta does not parasitize them and add
Cuscuta seed to the soil. 
 In the absence of a suitable host plant,
seedlings of Cuscuta will die. 
Growing a grass crop will
reservoir of Cuscuta seed in the soil. 
thus reduce the
 

Itwill not eliminate all seeds
because some will live for many years.
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Although Cuscuta does not depend upon its own photosynthesis 
to live,
 

light is essential for its normal development (Lane and Kasperbauer, 1965,
 

Zimmermann, 1962), and the shade of dense alfalfa foliage will control
 
The shade of dense alfalfa can
 Cuscuta almost completely (Dawson, 1966a). 


provide an important measure of control during the latter part of the
 
1965), provided
in alfalfa grown for seed production (Dawson Rt al.,


season 

other means have controlled the parasite during the 

period before shade was
 

complete.
 

Various tillage implements can be used io established alfalfa during
 
host
 

the early spring to control Cuscuta seedlings before 
they attach to a 


surface thoroughly
plant. Any tillage instrumenWTat stirs the soil 

Early season tillage is
 without damaging the alfalfa crown can be used. 


especially useful where alfalfa seeJ is grown as the only crop of the
 

Besides killing seedlings of Cuscuta and
 season (Dawson et al., 1965). 

other weeds, such tillage can delay the growth of the 

alfalfa somewhat,
 

which may be essential to control the time of blossom for maximum
 

Besides killing Cuscuta seedlings directly, tillage 
also
 

pollination. 

hastens drying of the soil surface. Under irrigated conditions, Cuscuta
 

period by delaying irrigation to maintain a soil
 can be controlled for a 

surface sufficiently dry that Cuscuta cannot germinate 

and emerge (Dawson
 

et al., 1965).
 

Alfalfa normally should not be seedea in fields known 
to be infested
 

However, seeding in such soil is sometimes
 with Cuscuta (Torell, 1968). 

justified if all other conditions are favorable for 

alfalfa seed
 

production. The extreme devastation of newly seeded alfalfa by parasitism
 

from Cuscuta can be avoided by seeding the alfalfa in
the late summer or
 

In the Pacific Northwest of the USA,
fall rather than in the spring. 

alfalfa seeded in late Auqust or early September in soil heavily infested
 

Abundant Cuscuta seedlings
with Cuscuta was not injured (Dawson, 1971a). 

not harm
 

emerged and became attached to the alfalfa seedlings. 
iTeyT 


the alfalfa because the ensuing cool weather of autumn inhibited the
 

development of the Cuscuta while the alfalfa seedlings 
continued to grow
 

into the late fall. Freezing weather eventually killed the topgrowth of
 
When the alfalfa
 

the alfalfa, together with all of the attached Cuscuta. 

large enough to tolerate
resumed growth the following spring,'it was 


treatments for control of Cuscuta in established alfalfa.
 

Soil-applied herbicides for control of Cuscuta.
 

Soil-applied herbicides can control Cuscuta in established alfalfa
 

during the period when cultural c.introl methods are not effective. Such
 

herbicides kill Cuscta seedlings before they become 
attached to the
 

Isopropyl r-chlorocarbanilate (chlorpropham, previously 
called
 

alfalfa. 

CIPC) was the first soil-applied herbicide to be used 

for control of
 
standard herbicide
 

Cuscuta (Lee and Timmons, 1955; 1956), and has become a 


used for controlling Cuscuta in alfalfa (Dawson et al., 1965; Torell,
 

1973). Chlorpropham applied evenly to moist soil before Cuscuta 
becomes
 

attached to the host plant controls Cuscuta very dependablyTDa7wson,
 

1966b). Unfortunately, control from the standard rate of 6.7 kg/ha 
lasts
 

for only about one month (Dawson, 1966b; Dawson, 1969), whereas control is
 

191
 



needed during about four months each year. 
Of several other herbicides
found to control Cuscuta (Dawson, 1967), most also are of short soil
residual activity (Dawson, 1969).
 

A major part of my research on control of Cuscuta has involved a quest
for herbicides that control Cuscuta for longer periods than chlorpropham
does, and for methods to prolong the period of control from chlorpropham.
 
The short persistence of chlorpropham in soil 
results from loss as a
vapor into the atmosphere (Slater et al., 1969; Dawson 1979), and from
microbial decomposition in the soil 
(Kaufman and Kearney, 1965).
methylcarbamate compounds inhibit the microbial decomposition of 

Certain
 
chlorpropham (Kiufman et al., 1970). 
 Applying p-chlorophenyl N-methylcarbamate (PCMC) with chiorpropham significantly prolonged the-period of
Cuscuta control from the herbicide in the greenhouse (Dawson, 1969) and in
the field (Dawson, 1972).
 

Although the addition of PCMC significantly improved the control of
Cuscuta with chlorpropham, PCMC has not become commercially available for
t-iis-ue. 
The commercial 
insecticide 1-napthyl N-methylcarbamate
(carbaryl), which is chemically related to PCMC, has been shown to inhibit
the breakdown of chlorpropham (Kaufman et al., 
1970). It is registered
with the U.S. Environmental Protection Agency for use on alfalfa. 
 In field
and greenhouse experiments, carbaryl prolonged the period of Cuscuta
control from chlorpropham, but was 
less effective in this respect thdn was
PCMC (Dawson, 1984). 
 Alfalfa seed growers in the Pacific Northwest of the
USA applied a tank mixture nf chlorpropham plus carbaryl for Cuscuta
control 
in 1982 and 1983. In general, control of Cuscuta was 
improved
enough to make the addition of carbaryl to chlorpropham worthwhile.
 
In addition to chlorpropham, several 
other esters of m-chlorocarbamic
acid controlled Cuscuta effectively (Dawson, 1967),
short-lived in soil -Dawson, but most were also
1969). 
 Of these herbicides, D(-) 3-chlorophenyl.
carbamoyloxy)-2 N-isopropylpropionamide (RP-11755) at 3.3 kg/ha controlled
Cuscuta three times as long as did chlorpropham in the greenhouse (Dawson,
1969). 
 inthe field, RP-11755 at 3.3 kg/ha consistently controlled
Cuscuta as well 
as or better than did chlorpropham at 6.7 kg/ha (Dawson
1971b). No other uses 
for RP-11755 were developed, and the control of
Cuscuta in alfalfa did not represent a great enough potential market to
jusFify the commercial development of the herbicide. Consequently, farmers
have never had access to the improved Cuscuta control from this herbicide.
 

Limited greenhouse work demonstrated that the period of Cuscuta
control from chlorpropham can also be prolonged by formulating the
herbicide by microencapsulation as a method of controlled release (Dawson,
1976).
 

Dimethyl tetrachloroterephthalate (DCPA or chlorthal dimethyl) 
at 11.2
kg/ha controlled Cuscuta completely for 11 weeks (compared to 3 weeks for
chlorpropham) in the greenhouse (Dawson, 1969). 
 In the field, DCPA
controlled Cuscuta in established alfalfa (Bayer et al., 1965; Billot et
al., 1969; McNeely et al., 1966) and was 
also selective in newly seeded
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alfalfa (Billot et al., 1969; Dawsin, 1971a). It is recommended for
 
control of Cuscuta in established alfalfa (Dawson et al., 1965; Torell,
 
1967; Torel, 1968). DCPA and chlorpropham are used about equally for
 
controlling Cuscuta in alfalfa in the USA.
 

Another herbicidE that controlled Cuscuta effectively is 2,6
dichlorobenzonitrile (dichlobenil). In both field and greenhouse stuldies,
 
the period of control of Cuscuta from dichlobenil at 2.2 kg/ha was similar
 
to that from chlorpropham at 6.7 kg/ha (Dawson, 1969, 1970). In addition
 
to controlling Cuscuta, dichlobenil controls nearly all weed seedlings and
 
certain established perennial weeds as well. However, it has not been used
 
widely to control Cuscuta in alfalfa because it is costly.
 

Rather high rates (13.4 kg/ha) of 2-sec-butyl-4,6-dinitrophenol
 
(dinoseb) sometimes controlled Cuscuta aswell as did chlorpropham at 6.7
 
kg/ha, but was never superior to this standard treatment. Consequently,
 
soil applications of dinoseb are not used to control Cuscuta in alfalfa.
 

The soil-applied herbicide that has become available for control of
 
Cuscuta in alfalfa most recently is 3,5-dichloro(N-1,1-dimethyl-2
propynyl)benzamide (pronamide or propyzamide). Pronamide at 1.7 kg/ha
 
controlled Cuscuta completely in the greenhouse for periods of 6 to 16
 
weeks (compared to 4 weeks or less for chlorpropham at 6.7 kg/h) and in the
 
field for about 1 month longer than did chlorpropham at 6.7 kg/ha (Dawson,
 
1978). Pronamide is now used in the USA to a limited extent to control
 
Cuscuta in fields of alfalfa grown for seed production.
 

The herbicide (±)-2-ethoxy-.2,3-dihydro-3,3-dimethyl-5-benzofuranyl
 
methanesulfonate (ethofumesate) at 2.2 kg/ha controlled Cuscuta in the
 
greenhouse for 10 weeks compared to 3 weeks for chlorpropham (Dawson,
 
unpublished data). It also controlled Cuscuta in the field (Giannopolitis,
 
1979), but injured alfalfa severely (Dawson, unpublished data).
 

Combinations of soil-applied herbicides have controlled Cuscuta very
 
effectively in alfalfa (Dawson, unpublished data). A full rate of DCPA
 
(11.2 kg/ha) combined with a half rate of chlorpropham (3.7 kg/ha) or
 
dichlobenil (1.1 kg/ha) controlled Cuscuta very well. The highly active
 
chlorpropham or dichlobenil controlled early emerging Cuscuta very
 
effectively at a time when DCPA was sometimes only partialTy effective, and
 
the DCPA seemed to persist long enough to control Cuscuta for a period
 
after the chlorpropham or dichlobenil had dissipaled. Although expensive,
 
a three-way combination of DCPA at 11.2 kg/ha, chlorpropham at 3.3 kg/ha,
 
and dichlobenil at 1,1 kg/ha controlled Cuscuta completely and with
 
favcv'able longevity, and controlled nearly all other weeds as well.
 
Established alfalfa tolerated this treatment satisfactorily.
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Herbicides applied post-attachment.
 

Certain inorganic chemicals such as lime sulfate and sulfuric acid
w!re suggested many years ago as spot treatments to destroy attached
 
Cuscuta and the host foliage to which it was attached (Dewey, 1898).

Hillman (1907) reported that copper sulfate and iron sulfate were not
 
satisfactory.
 

Several authors have reported the application of modern contact

herbicides such as 1,1-dimethyl-4,4-bipyridlnium 'ion (paraquat), 6,7
dihydrodipyrido[1,2-a:2',1'-c]pyrazinediium ion (diquat), 2-sec-butyl
4,6-dinitrophenol (dinoseb), dinoseb acetate, and 4,6-dlnitro-o-cresol

(DNOC), and solutions of inorganic salts to alfalfa infested wTth Cuscuta
(Gimesi, 1966, 1979a; Halalau and Sharp, 1970; Sarpe et al., 1973; Spa~sc,

1967; Samoladas, 1968). These treatments do not remove attached Cuscuta

selectively, but kill both the Cuscuta and the alfalfa foliage. They can be
considered partially selective, bcause the alfalfa regrows from crown buds
 
after treatment.
 

Recent work has shown that O-ethyl-O-(3-methyl-6-nltrophenyl)..N
 
sec butyl phosphorothioamidate (H-26905), DCPA, and N-(phosphonometIyl)
g ycine (glyphosate) controlled Cuscuta selectively Tn alfalfa when applied

to the alfalfa foliage and the Cuscuta after Cuscuta was attached to the

alfalfa (Dawson and Saghir, 198"3). DCPA was efe -ve at the rather high
rate of 10 kg/ha and H-26905 is not presently being developed for
 
commercial use. Of the three herbicides, glyphosate is of greatest

interest because it controlled Cuscuta at the very low rate of 0.075 kg/ha.
 

Glyphosate affected the Cuscuta shoots that were presen'; at the time

of treatment about equally whether applied direct to the Cuscuta itself
 
or translocated from the treated alfalfa foliage. 
Glyphosate applied to a
Cuscuta shoot killed the treated tissue, but did not affect imbedded

haustoria or any portion of the parasite basipital to the portion treated.

Cuscuta can regenerate freely from haustoria within the host stem, even

if all visible portions of the parasite are removed (Truscott, 1958).

Therefore, glyphosate applied to alfalfa foliage is especially effective,

because it contacts the imbedded haustoria during translocation to the
 
stems of the parasite.
 

Field research in 1983 confirmed the selective control of Cuscuta on

alfalfa from post-attachment applications of glyphosate (Dawson,

unpublished data). The margin of crop tolerance was narrow, but adequate.

A dosage of 0.075 kg/ha stopped the growth of Cuscuta and suppressed its

regrowth with little, if any, noticeable effect on alfalfa. A dosage of

0.15 kg/ha controlled Cuscuta more completely, but usually arrested alfalfa
growth somewhat. Suppression of established alfalfa increased as the rate

of glyphosate increased up to 0.3 kg/ha, the highest rate applied. 
 The

effects of all rates of glyphosate on established alfalfa were temporary,
and the plants recovered fully. Alfalfa was more susceptible to injury

from glyphosate as seedlings than as established plants. A dosage of 0.3
kg/ha applied to seedlings that had only ti,,Z: t,-ifiliolate leaves killed
about one-third of the plants. 
 Surviving plants were retarded, but
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recovered fully and then grew normally. Lower rates of glyphosate did not
 

kill any plants at the three trifolioiate leaf stage. The highest rate
 

applied, 0.3 kg/ha, did not kill any plants with eight or more trifoliolate
 

leaves.
 

Glyphosate controlled Cuscuta more effectively when applied to
 

established alfalfa that was more than 30 cm high than when applied to
 

alfalfa with less foliage or to newly seeded alfalfa. Control was most
 

effective when applied before the Cuscuta had budded, but after its stems
 
Sha-de- Frm the alfalfa foliage evidently
had reached a length of 30 cm. 


helped to retard the recovery of the Cuscuta. Glyphosate appeared to
 

injure alfalfa less when it was infested with Cuscuta than when it was free
 

ot Cuscuta. Most likely this is because much of the herbicide moved from
 

the alfalfa to the parasite, rather than to the growing points of the
 

alfalfa itself.
 

In the 1983 research, no application of glyphosate killed all of the
 

attached Cuscuta. Some of the haustoria within some of the alfalfa stems
 

always survived and new shoots regenerated from this surviving tissue.
 

Glyphosate applied before the Cuscuta had injured the alfalfa noticeably
 

saved the alfalfa from severe dmnage. Thus, the use of low rates of
 

glyphosate appears very promising for protecting alfalfa grown for forage
 
Since control of Cuscuta must be complete
production from Cuscuta injury. 


to be satisfactory in alfalfa grown for seed production, the use of
 

glyphosate appears to be less promising in alfalfa grown for seed
 
than in alfalfa grown for forage production.
production 


A herbicide related to glyphosate, trimethylsulfonium carboxymethyl

aminomethylphosphonate (SC-0224), also controlled Cuscuta selectively in
 

alfalfa in the 1983 field experiments. At all rates-,Tts effects on
 

alfalfa and Cuscuta were similar to those of glyphosate.
 

Benefit from general weed control.
 

Control of annual weeds in general can assist in control of Cuscuta
 

in alfalfa. In a weedy field, much of the Cuscuta that infests al7fa
 
first becomes attached to seedlings of broadleaf weeds. Any progran that
 

controls these weeds reduces the possibility that emerging Cuscuta
 
This is especially true in alfalfa
seedlings will attach to a host plant. 


grown for seed production, where the alfalfa plants are usually more widely
 

spaced than in fields of alfalfa grown for forage. If weeds are
 

controlled, a high percentage of emerging Cuscuta seedlings die because
 
For this reason, certain herbicides that
they cahnot reach a host plant. 


control other weeds selectively in alfalfa, will assist in Cuscuta
 
even though they do not control Cuscuta directly. Examples of
control, 


such herbicides are 3-(3,4-dichlorophenylT-l-dimethylurea (diuron),
 

S-ethyl dipropylthiocarbamate (EPTC), 4-anino-6-tert-butyl-3-(methyl
Thio)-as triazin-5(4H)one (metribuzin), 2-chloro--- ;6-bis(ethylanino)-s
triazi'ne (simazine), and 3-tert-butyl-5-chloro-6-methyluracil (terbac.l)


6
-
(Dawson, 1967). A combination-of N-(1-ethylpropyl)-3,4-dimethyl-2,

dinitrobenzeneamine (pendimethalinT, 3-(3,4-dichlorophenyl)-1-methoxy-1
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methylurea (linuron), and diuron applied to dormant alfalfa controlled
 numerous weed species, Including Cuscuta (Gimesi, 1979b). 
 This is a
mixture of a herbicide that kills"Cuscuta (pendimethalin) and two that do
 
not (diuron and linuron).
 

Integrated control systems.
 

A single control method by itself seldom controls Cuscuta in alfalfa
for the entire season. 
 Inthe Pacific Northwest of theUSA,Tntegration of
several control methods protects alfalfa grown for seed prcduction for the necessary four months (Dawson, et al., 1965; Dawson, et al., 1984). 
 A
typical schedule begins with broadcast tillage from mid March to mid April.
Chlorpropham at 6.7 kg/ha is applied inmid April and reapplied in mid May.
Irrigation water is not applied in early and mid June, so the soil surface
becomes dry and no Cuscuta seeds geminate. By mid June, the cover ofalfalfa foliage is dense enough to suppress any Cuscuta seedlings that do
emerge. Any Cuscuta that emerges after mid July does not have time to harm
the alfalfa, even under favorable growing conditions, before chemical
defoliants are applied in late August or early September in preparation for
 
seed harvest.
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CYTO-PHYSIOLOGICAL ASPECTS OF OROBANCHE CRENATA FORSK. PARASITIZING
 
VICIA FABA L.
 

M. ABER, Universit6 Pierre et Marie Curie, Laboratoire de Cytologie expfrimentale et Morphogen~se vdgdtale, 4, place Jussieu, BAtiment N2,

75230 PARIS CEDEX 05, FRANCE.
 

Abstract. The present study describes Orobanche crenata Forsk. parasitizing

Vizbafaba L. 

In response to a host root stimulus, the seeds of the Orobanche germinate and give rise to a delicate organ, the "procaul8me". Both the nature
and function of this organ are discussed on the basis of the new histolo
gical data.
 

After a rapid attachment to the host root, a part of the seedling,
the endophyte, penetrates into the host tissues. The part remaining outside
gives rise to a tubercle which develops one single shoot apex and many short
 
roots.
 

The endophyte never crushes host cells during its penetration. As soon
as the first cells reach the host vessels, they differentiate into xylem
elements, establishing a direct connection. Such a connection has never been
observed between the phloems of the two plants. Our physiological data
suggest that sucrose may be the main metabolite involved in the transfer of
organic substances from the host 
to the parasite.
 

INTRODUCTION
 

Orobanche spp. are common pestsin the Middle East, around the .Mediterranean and in Europe. These parasitic angiosperms cause damage in the
crops attacked. In some cases, the diminution of yields is so drastic that
cultivation must be given up (Kasasian, 1971 
; Lubenov, 1973 ; Aber, 1983).
 

By now, the biological cycle of Orobanche spp. is well known. The minute seeds of Orobanche germinate only in the vicinity of certain plant
roots. They give rise to an organ called "procaul~me" by Velenovsky (1905).
It has also been named radicle (Chabrolin, 1939 ; Roger, 1954), germ-tube
(Krenner, 1958) or germ-tube-like organ (Abou-Raya et aZ., 
1973). After
attachment to a host root, Orobanche develops an absorptive system or haustorium (Kuijt, 1977 ; Ozenda and Capdepon, 1979) which penetrates through
the cortex and then goes to the vascular cylinder. There, more or less direct connections are established between the conducting elements (xylem and
phloem) of the two plants (Toth and Kuijt, 
1976 ; Musselman, 1980).
connections are very important These
 
because they represent the channel through
which nutritive substances can move from the host to the parasite. The outer
part of the seedling develops into a tubercle which givesrise to a spike.
 

However, some aspects of the biology of these plants remain unclear
I- the ontogeny and the ultrastructure of the "procaulome", 2- the fine morphogenesis of the seedling and particularly the tubercle and the haustorium,
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Fig. 1 - SEM. Aspect of a germination with its long "procaul8me", Pr. 

S, seed. 

Fig. 2 -Longitudinal section of a germination. ex, extremity of the "pro

caul8me", Pr ; e, rests of the embryo ; en, endosperm ; ta, testa.
 

Semi-thin section ; PAS-Regaud's hematoxylin.
 

Fig. 3 - SEM. Very beginning of the fixation on the host, H. The tip of the 
"procaul8me", Pr, differentiates papillae, arrows. S, seed.
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3- the nature and the importance of the sugar uptake in the host, according
to the main phenological stages established previously (Aber and Salle,
 
1983 a).
 

These unanswered questions and the damage caused by 0. crenata Forsk.
in Morocco, lead us to study the morphogenesis and the sugar nutrition of
0. crenata parasitizing broad bean (Vicia faba L.).
 

METHODS AND MATERIALS
 

Mature seeds of 0. crenata and of broad bean (Vicia faba major var.
269) were collected in Morocco in 1979. They were grown together in pots
according to the conditions described by Aber (1981). 
For light and transmission electron microscopic study, seeds, "procaul6mes" and seedlings were
treated as described earlier (Aber, 1981). For scanning electron microscopy

(SEM) study, samples were fixed with 4% glutaraldehyde and 1% OsOl, and then
 
treated by the Cohen and Garner's method (1971).
 

In order to determine the nature and the importance of sugars taken up
from the host, parasitized plants of broad beans were exposed to 
14CO2 in a
container, under illumination. For each seedling of 0. crenata, the radioactivity was visualized by autoradiograms and estimated with a scintillation
 
counter. Labelled substances present in the host roots and in the parasite
 
were identified by paper chromatorraphy (Aber et al., 1983).
 

RESULTS
 

The autotrophic period of life
 

During germination, the seed of 0. 
crenata gave rise to a delicate
filamentous organ, the "procaul~me" (Fig. 1, Pr). The mcrphological, cytological and ultrastructural work of Aber and Sall6 (1983 b) showed its originality. It consisted of two parts (Fig. 2). 
The main core, Pr, was essentially parenchymatous whereas the extremity, ex, was composed of about ten
isodiametric cells. The latter were active with dense cytoplasm, voluminous

nucleus, reduced vacuome and poorly differentiated plastids and mitochon
dria. The ca. 
and the typical meristem of roots were missing. Moreover, it
is important to notice that the "procaul~me" was devoid of any conducting

elements.
 

With the numerous germinations obtained in our laboratory, we followed
the morphological evolution of the "procaul~me". During the early germination, the "procaul8mes", using the material stored in the endosperm, developed straight. Then, most of them grew towards the root which had provoked

their germination. Moreover, we observed that only secondary roots were
parasitized whereas the main one remained unattacked, presumably due to
 
their structural features.
 

As soon as 
the tip of the "lpocaulome" contacted a suitable host root,
it flattened and differentiated papillae (Fig. 3, arrows).
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Detail of the outer part of the seedling. The meristematic zone, mz,
Fig. 4 

is covered with vacuolated cells, vc. Pr, "procaul~we" ; S, seed. 

Fig. 5 - Detail of the inner part of the seedling or endophyte ® ON. 

sieve cell ; , differentiating xylem elements ; W, apical cells 

with a dense cytoplasm. HXy, host xylem. Note the absence of cell rem

nants at the limit between the two plants. 

Fig. 6 - SEM. Young tubercle, Tu, with "procaul8me", Pr, and seed, S, still 

present. H, host. 

SEM. Older tubercle with many bumps, r, corresponding to the futureFig. 7 
roots. Arrows, scales protecting the shoot apex.
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Fig.an8 -Detailiosf 
the a, b, and c z-ones of the tubercle. In the b region,..
 
many
mit sis canbe observed, arrows. vc, vacuolated cells.
 

Fig. 9 -
Detail of the endophyte, 
@ ). Some of its front cells differentiate

into xylem elements,=4p.. HXy, host xylem. 



The parasitic period of life
 

Rapidly, the zone of contact and of penetration of the parasite swelled
 
and became yellowish. At this stage, the seed and the procaulame were still
 
present. From now on, a part of the seedling will remain at the outside of
 
the root whereas the other will form an internal endophyte. The ontogeny of
 
these two regions was followed on semi-thin sections as presented by figures
 
4 and 5.
 

The outer part of the seedling is composed of meristematic cells
 
covered with one or two layers of vacuolated cello (Fig. 4, vc). This meris
tematic zone will play an important organcgenetic role because it will give
 
rise to the tubercle. The inner part (Fig. 5, @), which corresponded to
 
the endophyte, passed through the epidermis and cortex and rapidly reached
 
the vascular cylinder of the host root. Then, the tubercle developed (Fig.
 
6, Tu) to a size depending on the climatic conditions and on the vigour of
 
the host. The more vigorous the host, the larger the tubercle. Its diameter
 
could exceed 20 mm. This correlation emphasizes the importance of the
 
nutrients available in the host and tapped by the parasite.
 

12 or 15 days after attachment, the tubercle surface presented many
 
protuberances which became more and more prominent (Fig. 7, r). They were
 
the future roots. However, in 0. crenata, they never eldngated to more than
 
30 mm. The shoot apex, protected by small scales (Fig. 7, arrows),will give
 
rise to a bud and then to a spike which could be 50 cm long.
 

The cytological observation of young tubercles showed five different
 
zones (Fig. 8). The outer zone (a) consisted of one or two layers of protec
ting vacuolated cells. Beneath them, one could find clusters of small meris
tematic cells (b) which divided frequently. Their morphogenetic role is ob
vious because they will initiate the shoot apex and numerous short roots
 
In the basal direction of the tubercle, the cells vacuolated rapidly and
 
became parenchymatous (c). However, in the axis of the tubercle, they re
mained dense and often differentiated xylem or phloem elements. Both
 
sides of the tubercle were occupied by parenchymatous cells involved in a
 
storage process. The reaction with periodic acid-Schiff (PAS) showed nume
rous starch granules.
 

During the ea-ly penetration into the host root, the youn. "austoria
 
were mainly meristmatic. Their cells divided actively and then elo.'gated.
 
These two processes would develop a mechanical force which could explain the
 
penetration of the haustorium into the host. However, as shown by figure 9
 
the limit between the two plants remained very clear : no cells remnants
 
were observed. Moreover, in this region, the density of the cells indicated
 
a high metabolic activity. These data suggested an enzymatic penetration.
 
This hypothesis was confirmed by the rapidity of the penetration itself.
 

A successful implantation of Orobanche needed the establishment of more
 
or less direct connections between the conducting elements of the two plants.
 
As soon as the tip of the endophyte made contact with host xylem tissues, a
 
gradient of differentiation was induced. Some front cells differentiated
 
into tracheids establishing a direct connection with the host xylem (Fig. 9,
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; Fig. 10). Then, the xylem differentiation progressed towards the
 
xylem elements of the tubercle.
 

The situation was not so clear for the phloem. Sieve elements were ob
served in the tubercle and in the haustorium. However, no direct contact has 
ever been observed between the two phloic systems. Moreover, a thickening 
of the cell walls of the parasites in contact with host cells (Fig. 10, * ) 
was frequently observed. 

These ultrastructural observations clearly indicated that, if the apo
plastic pathway was mainly involved in the transport of water and mineral 
salts, via the xylem, it could participate to some extend to the transfer of 
the photosynthates via the cell walls (Fig. 9, 10, * ). 

Transfer of organic substances from the host to the paresite.
 

After a short exposure of the host foliage to i4CO2 , the amount of 

labelled organic substances was higher in the parasite than in the host root 

system : 28.2.106 dpm for all the parasites together and 4.4.106 dpm for the 
host root system. On autoradiograms (Fig. 11) the parasite had always much 

• PXy : " ,
 

,'<:* / aeHR aH 

.Ida.
 

105im (11) 3c m 

Fig. 10 - Direct connection between the host xylem elements, HXy, and the 

parasitic Qne, PXy. Notice the thickening of the host parenchymatous 

cell walls. *I 
Fig. 11 - Autoradiograms of a host root system bearing many parasites. 

After a 6h exposure of the broad bean foliage to 14C0 2 , tubercles of 

the parasite are much more labelled than the host root system. a, b 

and c indicate the different stages of development of the tubercles. 

The youngest tubercles, arrows, are easily observed. HR, host root
 

system.
 



more labelling than the host, whatever its age or its development. Even the
 

youngest tubercles, not visible without a binocular, were so labelled that
 

they could be easily observed on the autoradiograms (thin arrows). It is im

small tubercles did not establish concluctingportarit to notice that these 
connections with the host (Aber and Salld, 1982).
 

The analysis of the labelled substances showed that about 60% of the 

the neutral fraction (carbohydrates) in bothradioactivity was contained in 
glucose and fructose were identified by paper
host and parasite. Sucrose, 

imporchromatography. A quantitative study proved that sucrose was the most 

tant carbohydrate (40% of the total sugar radioactivity) present in the 

host and in 0. crenata. On the contrary, glucose and fructose levels were 

very low (respectively 6 and 9%). This result suggested that sucrose may be
 

the min metabolite involved in the transfer of organic substances from the
 

host to the parasite.
 

DISCUSSION
 

This study covered the main stages of development of 0. crenata, i.e.
 

the germination, the fixation and the penetration.
 

Embedding in epoxy resins allowed a fine structural study of the "pro

caul5me" developed during the germination of the seed. It consists of a weak 
of very active ce1.is showing a denseparenchymatous core tipped with a group 

cytoplasm. It is devoid of conducting elements. 

Our morphological, histological and ultrastructural observations on the 

organ otherwise referred to as a radicle, germ-tube etc., lead us to prefee 

the term "procaul3me" in keeping with the originality of the organ. The 
"procaul8me" shows a positive tropism in regard to the root which provokes
 

a'iects emphasize the highthe germination of the seed (C~zard, 1973). All 
: it brings the organogenetic cells
level of specialization of this organ 


in contact with the suitable host but its feeding role seems to be very 

limited.
 

0. crenata was characterized by a rapid attachment during which pa

pillae were differentiated. The parasite never built a massive organ of
 

attachment as has been reported for other flowering parasitic plants : 

Visocum (Thoday, 1951 ; Salld, 1975), Loranthus (Henzies, 1954), Phthirusa
 

(Dobbins and Kuijt, 1974), Comandra (Toth and Kuijt, 1976). 

This very short phenological stage was followed by a rapid penetration
 

which certainly involves an enzymatic action. The haustorium grows directly
 

to the vascular cylinder. This urgent need of nutrients can be explained by
 

the little stored material present in the endosperm. However, enzymes in

volved in this phenomenon must be identified and their still questionable 

activity must be visualized by cytochemical or immunological methods.
 

By now, modalities of development of tubercle are quite well known. We
 

zone observed in early stages ofdemonstrated that the massive meristematic 
penetration divides into small groups of cells which give rise to a shoot
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and many root apices. This peculiar organogenesis is presumably under the
control of a hormonal balance which requires further study.
 

Our ultrastructural observations of the conducting elements of thehaustorium is not completely satisfactory because, even though direct
connections between the xylem of the two plants has been demonstrated, thephloemic relations have not been completely elucidated. We never observed
the peculiar phloic conduits described by Dirr and Kollman (1974, 
1975) in
secondary haustoria of 0. ramosa. One can wonder if they exist in 0. cre
nata. More study is required. 

However, our ultrastructural observations done at the limit of the twoplants demonstrated that, even if direct phloem connections do not exist,thickening of the cell wall 
a 

of the parasite which was in contact with host
cells, increases the apoplastic compartment . This structural work was completed by a physiological approach of the nutrition we performed with 
14002.
Beside the fact that transfer of carbohydrates was important from the hoet
to the parasite (Whitney, 1972), we established that the transfer occurs inthe very young tubercle even when they were still devoid of direct connections with the conducting cells of the host (Aber and Sall, 
 1982). These
complementary researches clearly suggest the importance of apoplastic transport. A cytophysiological study with the electron microscope is being
carried out in order to identify the cells or the cellular compartments in
volved in such a transfer.
 

Already, our better knowledge of the relationships between 0. orenata
and V. faba should help to deLermine the best chemical control to use. 
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STUDIES ON THE RESISTANCE OF VICIA FABA TO OROBANCHE CRENATA
 

L. HERNANDEZ and M.T. MORENO. Instituto Nacional de Investigaciones Agrmwias
Unidad de Leguminosas, Apartado 240 C6rdoba, Spain.
J.I. CUBERO. Escuela Tecnica Superior de Ingenieros Agr6nomos. Departamento
de Genetica, Apartado 3048 C6rdoba, Spain.
 

Abstract. Parental lines and segregating generations involving inbred Vicia
faba L. showing different degrees of susceptibility to Orobanche crenata
Forssk. have been tested for resistance under different intensities of infestation. Data fit well to the additive model, suggesting no dominance for
the genetic control of the resistance.

Path analysis performed in inbred lines, populations and segregating
generations under the some 
intensities of infestation show that the Orobanche attack affects seeds per plant (the final effect in our study) through
pods per plant and not through the number of seeds per pod. The methodology
tested has proved to be useful to analyze the "path attack" of Orobanche on


Vicia faba.
 

INTRODUCTION
 

It is obvious that the rplationships between Vicia faba L. and Oro 
 -banche crenata Forssk.are cciplex for they are formed by many partial interactions at a multiple level 
(biochemical, histological, etc), It is by no
means obvious that the final result of the host/parasite interaction, i.e.,
resistance or susceptibility, has to have a genetic control which probably
will be a "composite', system. That is: 
the genes controlling the translo 
-
cation of sucrose from the host to the parasite will very probably be di 
 -
fferent from those controlling the physical attachment of the germinating
parasite seed on the host root etc.
So then, to speak about the genetic system controlling the resistance
to broomrape without any more precision is a very rough way of tackling the
problem, but it is also necessary to clear away a path in a mountain of genetic and environmental effects. The parasite can acts on the host through a
multitude of ways, and it can effect several characteristics, sparing
others. The knowledge of this pattern is not only necessary to split the
overall genetic system for resistance into components, each one of these
being more meaningp-fl: 
it is also basic for the practical breeder, which
will be able to select for resistance.in a more effeojtive way.
Previous studier, have shown that the most likely "rough" system for
resistance was no domiiiance or a very slight partial dominance for resistan
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(Cubero and Moreno, 1979; Suso, 1980; Cubero and Martinez 1980; Cubero,
ce 


1983; Gil et al 1982). These results are in agreement with those obtained
 

for Vicia sativa (Gil, et al., 1974 and this volume). We are trying now to
 

know the different components of this general genetic system throught the
 

study of the form Orobanche is using to attack V. faba.
 

In this paper we will present results of a first analysis of the re

lationships between the Orobanche attack on the one hand and several charac
 

teristics related to yield on the other, and also new data concerning again
 

the overall genetic system for resistance, but following a different
 

approach (i.e., by means of segregating generations andnot by diallel cro-


In a certain way, this study is a "training" or a "prologue" for a
sses). 


much more complete work to be performed in the next years. New crosses are
 

being performed including the resistant line F 401, from Egyptian origin,
 

previously tested under field and glasshouse conditions and after two gene
 

rations of selfing at least.
 

METHODS AND MATERIAL
 

and F3 genera -
Inbred lines, populations, hybrids and segregating F2 


tions have been studied. Paucijuga, eguina and major accessions have been
 

used for this purpose. All the these were sown in two sites of a heavily
 

infected plot, these sites differing in the degree of infestation accoriding
 

to previous experience (confirmed in this study). Data were recorded on in

dividual plants in all cases. Segregating generations were studied by means
 

was performed
of histograms, and Cavlli analysis (Mather and Jinks, 1971) 


to test tho additive model. Total and partial correlation as well as path
 

coefficients were also obtained. Only four characteristics were recorded
 

(parasites/host plant, pods/plant, seeds/plant and seeds/pod) according to
 

the following causal scheme:
 

Z pods/plant 

seeds/plant
broomrapes/plant 


unknown 

as a way of standardi seeds/plant and not yield/plant was choosen as final 


zing the huge differences existing among the different accessions. This sche
 

me will be complexed in future studies.
 

RESULTS AND DISCUSSION
 

A) Resistance vs. susceptibility
 

Fig. 1 shows the results of F2 , F3 and parentals in the case 
of the
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TABLE 1 

Cavalli analysis of the cross 172 x 171
 

a) Genetic parameters. Values and significance
 

infestation
 

high low 

mean 1.0 n.s. 1.7 + 

additivity 0.3 n.s. 0.2 n.s. 

dominance 1.4 n.s. - 1.4 n.s. 

ns: not significance +: signif. at the 5% level. 

b) Test of the additive model
 

High infestation Low infestation
 

observed expected
Generation observed expected 


1.1 1.0 1.7 1.9
P1 


1.2 0.9 1.3 1.4
P2 


1.7 1.6 0.8 0.9
F2 


1.2 1.3 1.4 1.3
F3 


xf = 0.13 x2 = 0.06 

P > 0.70 P ) 0.80 
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cross 172 x 171, both lines having relatively low susceptibility among the
material we have handled up to now. There are some differences between the
two zones of the plot (high and low level of infestation), even when the
overall picture is similar in both cases, mainly in comparison with fig. 2.
The graphs of fig. 1 are not very indicative of the genetic system invol 
-
ved in the resistance. Both F2 and F3 
show larger ranges of parasitic shoots
 per host plant than those of the parental lines, but obviously it is not
enough to accept transgressive inheritance.In other words; the genes expressed in the segregating generations are present in both parentals. Mean values of the four generations are rather similar: only the F2 
in the less in
fected zone is less infected indicating a possible direction towards domi 
-
nance for resistance, but very weak in any case. The conclusion of the line

F 402 in the crosses will help in these studies.
 

Cavalli analysis (table 1) shows no significance of the genetic parameters, but it is worth mentioning that this test is not very sensitive in
detecting genetic parameters. On the contrary, expected values fit well the
observed ones. The additive model can be admitted as 
it would be expected

in a case of total or almost total abser.ce of dominance.
 

Fig. 2 shows a very different pattern. These F2 and their parental
susceptible lines, sown in the highly infected zone, clearly show the absen
 ce of resistance when compared to the results in Fig. 1. The parental lines
 were also sown in the zone with less infestation and the distribution was
similar to that shown in fig. 2. It is the difference between figs. 1 and 2
the fact demonstrating the existencc of resistance in V. faba, as it has
been shown in previous papers (Cubero 1983, for example). That this resis 
-
tance is not enough to be used in commercial cultivars is different matter
that probably will be solved by the use of new strains as 
F 402. Crosses
between "resistant" and susceptible lines were analyzed in previous papers
with the results already mentioned above of no dominance or very slight par

tial dominance for resistance.
 

B) Correlation
 

As in the previous case, only a few of the results obtained are shown

here to avoid unnecesary repetion of similar figures.
 

BI) Broomrapes/plant-pods/plant and seeds/plant.
 

The results are presented altogether because of their similarity, a
fact due to the high correlation coefficient between pods and seed per plant
close to unity in most of the cases and always higher than 0.93.

The values obtained are highly significant (1% level) in most cases,
and they are rather independent of the kind of material studied, i.e.,
bred lines, populations, F2 and F3 

in 
. The values range from -0.10 to -0.55.


When the same material has been studied under high and low levels of
infestation, the change of the values observed does not show any visible
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pattern. In some cases the correlation coefficient diminishes and in others
 

increases. Even two replications of the same material in the same zone of
 

the plot can show drastic differences in the value of the correlation coe 

fficient (for example, from -0.28 to -050, from -0.17 to -0.46 etc, with a
 

change from non significance to significance). The comparison between resis
 

tant and susceptible materials does not produce clear results either. Some
 

coefficients of very susceptible lines and F2 were high, but others were as
 

low as those of the most resistant materials (in this case F 402, that was
 

tested only as inbred line).
 

Concerning the origin of the material, the only visible results is
 

that the highest values (over -0.50) have been shown by Spanish material but
 

the distribution has been continuous from -0.10 to -0.73. It remains to be
 

tested whelth the autocthonous broomrape is reatting in a more virulent way
 

on some Spanish genotypes. But even in this case the results are of not
 

easy interpretation: two of the mcst susceptible lines (VF 114 and VF 119)
 

gave very different values for the correlation coefficients (-0.52 AND
 
n
-0.2 2 s respectively) and its F2 from -0.73 to -0.64 in different repeti

tions. The F2 between other very susceptible line (VF 26: v = -0.51 ) and
 

both VF 114 and VF 119 gave -0.32 (26 x 114) and from -0.47 to -0.62
 

(26 x 119) (all these values were obtained from different repetitions but
 

in the same site of the plot).
 

Finally, comparing inbred lines and F2 simultaneously in both levels
 

of infestation does not produce any clear pattern; either some times the
 

correlation coefficient decreases when passing from the high to the low
 

level and in some other cases the reverse is true.
 

If instead of total correlation coefficients we obtain the partial
 

correlation ones (that is, we obtain the correlation coefficient between 1
 

and 2 removing the effects of 3 and 4), the picture changes dramatically.
 

The correlation between parasite number and pods per plant removing the
 

effects of seeds/pod and seeds per plant is nil in almost all cases (only 5
 

exceptions in more than 80 observations, and only one out of the 5 cases was
 

highly significant). The same result was obtained for the correlation
 

between parasite numbers and seeds per plant removing the effects of seeds
 

per pod and pods per plant. Again it is a logical result given the high
 

correlation existing between seeds and pods per plant (the partial correla
 

tion coefficient between these characteristics removing the effects of 0.
 

crenata per plant and seeds per pod, also was superior to 0.90).
 

When the partial correlation coefficient between parasites and seeds
 

per plant is obtained, removing only the effect of seeds per pod, their va
 

lues are very similar to the total correlation coefficient. This result is
 

also a consequence of the high correlation between pods and seeds per plant.
 

Many causes can be mentioned to explain such results: strong environ

mental influence (a thing already known as acting very strongly in the Oro

banche attack), interactions between host genotypes and parasite races, in
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TABLE 2
 

Multiple regression coefficients with standardized variables
 

Coefficients 

Material Infestation k1 k2 k3 

- Inbred lines 

172 (pauc.) High (H) -0.30 1 0.36 

Low (L) -0.37 0.98 0.56 

26 (eq.) H -0.45 0.90 -0.03 

1071 (eq.) H -0.15 0.94 0.27 

114 (mj.) H -0.51 0,98 0.12 

H -0.21 0.97 0.47 

119 (m.) H -0.11 0.98 0.64 

- Populations 

H -0.27 1 0.26 

L -0.47 0.97 0.24 

H -0.30 0.98 0.20 

L - .34 0.97 0.38 

- F2 
H -0.41 0.95 0.11 

L -0.22 0.98 0.47 

119 x 114 H -0.66 0.97 0.19 

119 x 26 H -0.36 0.98 0.25 

26 x 114 H -0.31 0.97 0.04 
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teractions between level of infestation and host response etc. To clarify

the genetics of the Orobanche attack, it will be necessary to dessign expe

riments handling with the lowest number of variates, having in mind that
 
the strong environmental influence will always be present.
 

B ) O.crenata/plant - seeds/pod.
 

Almost general lack of significance in all the levels of infestation
 
and for all types of materials. Most frequent values range from -0.30 to
 + 0.25, clearly indicating a distribution around zero. Partial correlation
 
coefficients are also generally non significant.
 

B3) Seeds/pod - seeds/plant and pods/plant.
 

Total correlation coefficients are some times significant but in most

of the cases they are not. That is: any numbe, of, for example, seeds per

plant can be expected given a certain number of seeds per pod.


But the study of the partial correlation shows a different aspect.

When the effects of pods/plant and parasites/plant are removed, seeds/pod

is strongly and positively correlated with seeds/plant. Current values of

the coefficient are 0.60 to 0.90. This is a logical result: 
for fixed num
bers of pods and parasites per plant, the total number of seeds will depend

on the number of seeds per pod. A similar fact is logically found for the
 
correlation between seeds per pod and pods per plant when the effects of

seeds and broomrapes per plant are 
removed: strong negative significant va

lues of the coefficient are found, generally ranging from -0.60 to -0.90.
 

In all these cases, the kind 
(i.e., parentals, F2 , populations) and
 
origin of the materials are independent of the results.
 

It is now easily understandable why the total correlation coefficient

betweei seeds/pod and both seeds and pods/plant are distributed around zera

for a fixed value of seeds/plant, seeds/pod and pods/plant are negatively

correlated; for a fixed value of pods per plant, the other two characteris
 
tics are positively (and with the same 
order of magnitude) correlated. The
 
total correlation coefficient is cancelled out.
 

C) Multiple regression with standardized values.
 
Expressions of the form
 

y = kjxj + k2x2 + k3x3
 
are obtained, where y (seeds/plant in our case) and xi 
(independient varia
bles) are referred to mean zero and standard deviation unity. The interest

of these expressions lies in the fact that if k, is twice the value of k2 ,
the variable xj is affecting the y value in a order of magnitude double than
 
that of x2
. Coefficients ki are currently mentioned as path coefficients.
 

Let's xj, x2 and x3 
stand for broomrapes/plant, pods/plant and seeds/

pod respectively (standardized variables). Table 2 
conta.,ns some values of
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the c,,csponding ki .
 
It is obvious that pods/plant is the most important of the three cha

racters related to seeds/plant its magnitude being roughly speaking, triple
 

in absolute value than each one of the two others. Number of 0. crenata 
per
 

host plant is, as expected, affecting negatively the final effect and seeds/
 

pod positively (the effect of seeds/pod is much more variable than that of
 
-


parasites per plant). It can be seen that the different level of infesta 


tion is not producing any discerning pattern in the cases studied.
 

D) The causal scheme.
 

Even in a very approximate and rough way, we can fill the links
 

shown in fig. 3. The low value obtained for the
between characteristics as 


path coefficient of "unknown" causes means an almost complete determination
 

of seeds/plant by the three characteristics studied. Of course this 
is a
 

consequence of the strong correlation of the final effect with one of 
its
 

inmediate causes pod/plant. In other words, we have transferred the problem
 

to the determination of pods/plant.
 

In terms of the effect of the Orobanche attack, it is interesting 
to
 

observe that its action on seeds/plant is through pods/plant and 
not
 

through seeds/pod. Next step in this study, once the possibilities 
of the
 

methology has been tested, will be to split pods/plant in its components
 

(number of stems, number of nodes per stem, pods per node etc). 
To see if
 

Orobanche is affecting the final effect through a preferential 
way as it is
 

the case here analyzed. To analyze the effect on yield a new variable 
will
 

be necessary: the seed size, whose strong well known effect on yield could
 

mask most of the other causes. The use of partial correlations 
and of mul

tiple linear regression will be again very convenient.
 

pods/plant
 

0. crenata/plant 
 {o-oao seeds/plant 

seeds/pod Z 
unknown -0." 

Fig. 3
 

Causal relationships
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RESISTANCE TO OROBANCHE CRENATA FORSSK. IN VICIA SATIVA L. II. CHARACTFRI-


ZATION AND GENETICS
 

J. GIL, L.M. MARTIN and J.I. CUBERO, Departamento de Gen6tica, Escuela T~c


nica Superior de Ingenieros Agr6nomos, Apdo. 3048, Universidad de C6r
 

doba, Spain.
 

Abstract. Resistance of common vetch (Vicia sativa L.) to broomrape (Oro 

banche crenata Forssk.) is characterized and studied from a genetic point
 

of view. The best index of resistance is the number of 0. crenata per host
 

plant, the average size of the parasite being less consistent. No dominan

ce, or perhaps a vry slight partial dominance for resistance, is sugges 

ted by the results. The study of segregating generations shows no apparent
 

genic association between earliness of flowering and resistance to Oroban

che, despite the results obtained from germplasm collections.
 

INTRODUCTION
 

Orobanche crenata Forssk. is a common parasitic weed that causes
 

great damage to many crops, e.g. faba beans, peas, lentils. It also attacks
 

common vetch, Vicia sativa L., a forage crop of mediterranean areas. The
 

attack on this crop is not very serious, and selection for resistance pro

ved to be useful (Gil, Martin and Cubero, 1982). This resistance call be
 

used improve commercial cultivars and also as a model to study the genetics
 

of resistance in the common vetch relatives mentioned above which are luore
 

important economically.
 

This paper is the first report on the characterization of Vicia sati

va resistance to 0. crenata.
 

METHODS AND MATERIAL
 

Two commercial cultivars, Prussia and VA74, were selected as suscep 

tible parents, and two advanced lines, AO-1 and VS473A, as resistant ones.
 

Pots were filled with 1.5 kg. of sterilized sand mixed with parasite seeds;
 

two loses were used: 0.125 and 0.025 g/pot of parasite seeds. Three plants
 

of vetch were sown in every pot. Observations were made arefully each week
 

for the presence of parasitic plants attached to the roots, starting three
 

months after sowing. Even those at the earliest stages of development were
 

checked under a microscope. Number, size and weight were recorded in each
 

case.
 

rosses were made between the resistant lines 485B, 486A and 417B,
 

and the susceptible lines CS-50, P (from Prussia) and VA (from VA74) by
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standard methods. The behaviour of parents, and their Fl, F2, F3 and back
crosses in both directions were studied by sowing all this material in a
 
very heavily infested field. The seeds were sown separately and the design
 
was randomised. Four different crosses and their progenies were studied.
 
The number of mature plants checked ranged from 31 to 36 for parental gene

rations, 21 to 36 for Fl, 
15 to 36 for backcrosses (only one case with 5),

120 r F2 and 12 each of 24 to 30 F3 families per cross. Results were
 
scored per individual mature plant. Comparisons between mean values were
 
performed by transforming individual data into log (x + 0.5), x being the
 
number of' broomrapes per host plant (Cubero, 1983).
 

RESULTS AND DISCUSSION
 

Differential behaviour of resistant and susceptible lines
 

Fig. 1 shows the total number of O. crenata per pot for each of the
 
four lines studied. Resistant lines had much fewer parasites at both dose
 
levels. The behaviour of the resistant line 473A is particularly interes
ting because the total number of Orobanche attached to the roots seems
 
quite independent of the parasite density in the soil: the resistance is
 
the same in both cases.
 

A decline in the total number of attached parasites after one to

several weeks is most apparent in the case of the higher degree of infesta
 
tion. This effect can be explained by the lack of vigour of the host plants

(not producing further germination stimulants), or by competition between
 
attached and germinating broomrapes or, finally, because of damage to the
 
root system by established parasites.
 

Fig. 2 and table 1 give the average size of the Orobanche. In suscep

tible lines (VA and Prussia) the growth rate slows with heavy infestation
 
after four weeks (Fig. 2b) as would be expected because of the greater com
 
petition between the parasite plants. In resistant lines the growth rate
 
shows a much more irregular pattern. A possible explanation could be a less
 
intense competition between the parasites giving a more random effect.
 

This random effect may also be the cause of the strange behaviour of
 
the most resistant line, 473A. Here maximum average heights were 17.7 and
 
23.5 mm respectively at low and high levels of infestation, but based in
 
the first case on only 7 parasite plants (ranging from 1 to 45 mm) and in
 
the second on 6 parasite plants, one of which was the tallest in the whole
 
experiment, producing the strange peak in fig. 2b. By comparison the sus 
-

ceptible line Prussia had 32 parasites averaging 14.6 ox at low infestation
 
and 155 parasites at the high level of infestation. The same random effect
 
may be the cause of the low value recorded in the last week as only three
 
parasite plants were found in the pot.
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TABLE 1Growth of 0. crenata on resistant and susceptible lines.
 

Date (1) Number (2) 

473 A 

Length (mm) 
X Range 

Number 

Lines 
AO.1 

Length (mm) 
X Range 

PRUSSIA 

Number Length (mm) 
X Range 

VA  74 

Number Length (_m) 
X Range 

Lower dose0 7 
7 2 

14 1 
21 4 
28 1 
35 9 
42 3 
49 7 

Higher dose0 7 

7 
14 6 
21 4 
28 11 
35 6 

42 3 

49 

1.6 0.5-4 
0.5 0.5 
2 2 
1.2 0.5-3 

1 1 
2.2 0.5-7 

1.3 1 -2 
17.7 1 -45 

1.3 0.5-2 

Not recorded 
1.6 1 -3 
1.6 0.5-3 
4.4 0.5-20 

23.5 1 -83 

2.7 2 -4 

Not recorded 

19 

19 

14 

22 

12 

11 

26 
12 

27 

32 
38 

35 
25 

23 

1.5 
2.2 

2.4 

2.5 

6.8 

6.9 

4.5 
7.5 

1.0 

1.6 

2.4 

4.7 
5.2 

6.3 

0.5-4 

0.5-8 

0.5-19 
0.5-8 

1 -23 
0.5-20 

0.5-19 
1 -50 

0.5-3 

0.5-4 

0.5-12 

0.5-17 
1 -29 

0.5-35 

56 
48 

62 
70 

43 

50 

65 
32 

137 

188 
118 

190 
155 

108 

2.6 

3.7 

3.7 
3.9 

5.6 

6.7 

7.6 
14.6 

2.4 

^.7 

3.8 

4.2 
5.1 

7.7 

0.5-7 

0.5-11 

0.5-10 
0.5-10 

1 -18 
1 -24 

1 -47 
1 -47 

0.5-10 

0.5-9 

1 -11 

0.5-20 
0.5-22 

1 -38 

36 

51 

35 
44 

57 

41 

61 
26 

110 

105 
105 

129 

77 

85 

2.6 
2.8 

3.6 
4.6 

5.5 

5.0 

5.3 

11.7 

2.2 

3.0 
3.3 

4.5 
7.0 

6.8 

0.5-8 

0.5-9 

0.5-7 
0.5-10 

1 -17 

1 -20 

1 -24 

1 -33 

0.5-7 

0.5-11 

0.5-15 
0.5-22 
1 -33 

0.5-44 

(1) Days from sowing on 2/March/82.
(2) Number of Orobanche of ay size attached to the host rost system. 



To see if susceptible and resistant lines differ in the time taken
 

for attachment of the parasite to the roots a new experiment was designed
 

and performed under exactly the same conditions. Plants were checked
 

weekly, starting from 36 days after sowing. Two small broomrapes were
 

found on Prussia 84 days after sowing, and 4 days later on the other three
 

lines. Thus it seems that there are no differences in the time for attach

ment (and very probably for germination) of the OrobL-ache.
 

The following conclusions were reached.
 

(1) There is a mechanism of resistance to 0. crenata in Vicia sativa. Re 

sistant lines are not immune but show very few parasitic tubercles on the
 

roots in pot conditions and practically no broomrape shoots under field
 

conditions after three years.
 

(2) There are no differences between susceptible and resistant lines in
 

the time taken to make attachments.
 

(3) Differences between susceptible and resistant lines are absolutely
 

clear concerning the number of parasites attached to the roots (Fig. 1).
 

This is, therefore, the best measure of resistance.
 

Genetics of resistance
 

Parents, F1 , F2, F3 and backcrosses P1 x F1 and P2 x F1 were studied.
 

Figs 3 to 6 show the results for all but the F3. The four crosses show an
 

identical pattern. The susceptible parents show not only a greater number
 

of broomrapes per host plant but also a higher range of variation. F1
 
showed intermediate values between parents, and backcrosscs showed the same
 

pattern between F1 and the respective parent. F2 showed a greater varia 
1


tion, as expected, and their mean values were close to those of their F1 s
 

(beaming in mind that to compare mean values a log transformation was per
 

formed).
 
Fig. 7 shows the results obtained for the F3 in the four crosses. Ho
 

rizontal and vertical coordinates represent mean values and frequency of
 

F3 families respectivaly. The absence of more than one mode (the results
 

do not allow to admit bimodality in the case of 485B x CS-50) confirm the
 

same fact in the F2 and suggest the absence of major genes controlling the
 

resistance of V. sativa to 0. crenata. Rather, a quantitative (i.e. poly 

genic) system is strongly suggested by the sequence of values obtained for
 

each generation compared with their parental generations. As can be seen
 

in figs 3 to 7 the mean values are increasing from F1 to F3 (the case of
 

VA x 458B, with an F2 value slightly less than that of its F1, could be due
 

to sampling effects), but this increase never reaches the mid-point between
 

the parental lines. If transformed data are used, the mid-point is reached
 

by the F3 . All this suggests the presence of a strong additive system, pro
 

ducing almost intermediate inheritance (i.e., no dominance), perhaps accom
 

panied by weak partial dominance for resistance. A very similar system has
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also been proposed for V. faba (Suso, 1980; Cubero and Martinez, 1980).
 
Previous studies (Gil, Martin and Cubero, 1982) have shown a signifi
 

cant correlation coefficient between earliness flowering and resistance to
 
0. crenata in V. sativa. This correlation was obtained from studying a lar
 
ge collection of crop accessions. Using our F2 (i.e. segregating material)
 
we have tested the hypothesis of genic association between both characte 
ristics. F2 plants were classified into three groups of earliness and a X2
 

test for association was performed with no positive results. Thus, it
 
seems that genes for precocity and genes for resistance are not linked.
 
The correlation found in our collection is probably due to the fact that
 
the earlicst accessions came from mediterranean regions where Orobanche is
 
endemic.
 

The following conclussions seem justified.
 
(1) The genes controlling resistance to 0. crenata in V. sativa seem to
 
show no dominance or, if any, a very low level of partial dominance for re
 
sistance.
 
(2) When segregating material (F2 ) is studied, there is no genetic associa
 
tion between earliness in flowering and ,'esistance to broomrape, in spite
 
of results obtained from studying a germplasm collection. The latter re 
sults coul be due to natural and/or artificial selection in regions where
 
the parasite is endemic.
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COMPARATIVE STUDIES ON HERBICIDES FOR OROBANCHE CONTROL IN TOMATO
+
 

A.K. JANUDI and A.R. SAGHIR, Faculty of Agricultural and Food Sciences,
 
American University of Beirut, Beirut, Lebanon
 

Abstract. Three soil-applied herbicides chlorthal-dimethyl (DCPA), diphe
namid and trifluralin alone and in combinations and the foliar-applied 
herbicide, glyphosete, were tested in the greenhouse for the control of 
Orobanche ramosa L. in tomato (Lycoersicum esculentum Mill). Trifluralin 
and diphenamid mixtures at different rates were ineffective against 
Orobanche. Diphenamid at 8 kg a.i./ha, DCPA at 5 and 10 kg a.i./ha, DCPA 
plus diphenamid at 5+6 kg a.i./ha and glyphosate at 0.04 + 0.03 + 0.03 kg 
a.i./ha, applied sequentially, cauaed significant reduction in Orobanche 
dry weight; however, all these treatments were phytotoxic to tomato. 

INTRODUCTION
 

Broomrapes (Orobanche app.) are noxious root-parasitic weeds which
 
attack many broadleaf crops, particularly of the Solanaceae and Fabaceae.
 
Soil fumigation with methyl bromide and chloropicrin, and hand-pulling
 
are the most commonly used control measures in Lebanon (Saghir and
 
Dastgheib, 1978). Worldwide, several measures have been investigated for
 
the control of broomrape. These include biological, chemical, cultural
 
and mechanical methods, in addition to the use of resistant crop varieties
 
(Wilhelm et al., 1958; Zahran, 1970; Kasasian and Parker, 1971; Cubero,
 
1973; Saghir et al., 1973; Abu Gharbieh et al., 1978, Basler and Haddad,
 
1979).
 

Promising results have been achieved in experiments on the control
 
of Orobanche using synthetic germination stimulants, which induce para
site seed germination in the absence of the host (Johnson et al., 1976;
 
Saghir, 1978; Saghir, 1979; Saghir et al., 1980). Several herbicides
 
including bentazone, butylate, diphenamid, glyphosate and trifluralin
 
have been tested for control with varying degrees of success (kasae3ian,
 
1973; Bischof and Koch, 1974; Puzzilli, 1976; Saghir, 1979; Jacobsohn and
 
Kelman, 1980).
 

METHODS AND MATERIALS
 

Three experiments were conducted in the greenhouse using clay pots,
 
25 cm in diameter, filled with a soil-peatmoss mixture. Sixty mg of
 
Orobanche ramosa L. seeds were mixed thoroughly with the soil mixture in
 
each pot, exceptfor the non-inoculated control pots.
 

+ 	Contribution from the Faculty of Agricultural and Food Sciences,
 
American University of Beirut, as Journal Number 603 B.
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Trifluralin and diphenamid were applied in sequence at,0.25 + 4 kg/ha
 

and 0.5 + 2 kg/ha. In the first experiment, trifluralin was incorporated
 

with the top 5 cm of soil in the pot, after which diphenamid was sprayed
 

on the soil surface. Four weeks-old tomato seedlings of the local culti

var "Marmande" were transplanted into the pots five days after treatment.
 

Two sublethal rates of glyphosate, 0.025 and 0.05 kg/ha, were 
used in a
 

spray volume of 500 L/ha. Application of the herbicide was made 17 days
 

after transplating, when tomato root exudates are most active, and
 
1978).
Orobanche seed germination would have started (Ballard et al., 


In a second experiment, trifluralin anc diphenamid were again used
 

The required amounts of the two herbicides
 at 0.5 + 2 and 0.25 + 4 kg/ha. 

Glyphosate


were dissolved in 600 c.c of water and drenched into the pots. 


was sprayed at 0.06, 0.08 and 0.06 + 0.06 kg/ha; the first application
 

made was 17 days after tomato transplanting, and the second application
 

one week later.
 

A third study was conducted using DCPA at 5 and 10 kg/ha, diphenamid
 
All
 

at 8 kg/ha, and a mixture of DCPA and diphenamid at 5 + 6 kg/ha. 
 Gly
herbicides were used as drench applications in 600.c.c of wator/pot. 


phosate was sprayed at 0.05 + 0.05, 0.04 + 0.03 + 0.03, and 0.1 
kg/ha as
 

All treatments were made five
foliar applications in 500 L of water/ha. 


weelks after transplanting, and the second and third applications, 
one and
 

two wteks later. All doses of herbicides are expressed in terms of active
 

ingredient (a.i). All experiments were replicated five times in a comple

tely randomized design.
 

RESULTS AND DTSCUSSION
 

The result of the first experiment indicated that trifluralin 
and
 

diphenamid at 0.25 + 4 kg/ha failed to prevent Orobanche parasitism 
on
 

tomato (Table 1.). This contradicts the findings of Dastgheib (1974, pp
 

65-69) who reported that drench applications of trifluralin and 
diphenamid
 

at 0.25 + 4 and 0.5 + 6 kg/ha reduced significafitly the dry weight 
and
 

and number of shoots of O.ramosa in tomato.
 

Data presented in Table 2 show that the number of shoots and 
the dry
 

weight of Orobanche were unaffected by any of the herbicides 
at the rates
 

tested. Glyphosate was phytotoxic to tomato when used at 0.08 and 0.06 
+
 

0.06 kg/ha and resulted in significant reductions in tomato shoot 
dry
 

weight and fruit yield.
 

failed
All herbicide treatments in the third experiment (Table 3.) 

However, DCPA and diphenamid
to reduce the number of Orobanche haustoria. 


applied alone or in combination at different rates, as well as 
glyphosate
 

at 0.04 + 0.03 + 0.03 kg/ha caused significant reductions in the 
dry weight
 

of Orobanche, but not in the number of haustoria, as compared 
to the ino

culated control.
 

Initial haustorial development was not affected by the herbicides
 

tested; however, these herbicides inhibited shoot development, 
since with
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time, enough of the herbicides had been taken up and accumulated in the

parasite. 
This could explain the decrease in Orobanche shoot dry weight,
without causing an effect on the number of haustoria. fll herbicides

caused significant reductions 
 in tomato shoot dry weight, as compared to 
the non-inoculated control. 

It may be suggested that glyphosate should be tested at lower

sublethal doses. 
Several sequential applications should be used since
the herbicide was able to reduce O.ramosa infestation, but was phytotoxic
 
to the crop.
 

Table 1. Effects of trifluralin plus diphenamid and glyphosate 

on O.ramosa in tomato. 

Orobanche ramosa Tomato 

Treatment Kg/ha Average no. Dry Shoot dry Fruit 
(a.i.) of shoots/ weight Weight yield
 

pot g/pot g/plant g/plant
 

Trifluralin + 0.25+4 14.7 
 6.0 37.8 649.0
 
diphenamid
 
Trifluralin + 0.5+2 
 10.3 
 6.1 42.3 597.8
 
diphenamid
 

Glyphosate 0.025 
 11.3 5.5 37.0 
 606.2
 
Glyphosate 0.05 
 11.6 5.1 
 40.8 585.3
 
Control +  14.8 5.0 
 36.2 594.5
 
Orobanche
 

Control 
 - 40.3 527.3
 
Orobanche
 

N.S. N.S. N.S. N.S.
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Table 2. Effects of trifluralin plus diphenamid and glyphosate
 

on Orobanche in tomato.
 

Orobanche ramosa Tomato
 

Treatment Kg/ha Average no. Dry Shoot dry Fruit
 
(a.i.) of shoots/ Weight weight yield
 

pot g/pot g/plant g/plant
 

Trifluralin + 0.25+4 4.0 3.2 23.8 abc* 65.2 ab*
 
diphenamid
 

Trifluralin + 0.5+2 4.0 5.2 23.1 abc 46.8 b
 
diphenamid
 

Glyphosate 0.06 3.6 3.9 32.0 ab 48.8 b
 

Glyphosate 0.08 3.8 4.2 21.1 c 40.0 b
 

Glyphosate 0.06+0.06 4.0 5.4 21.4 bc 9.4 b
 

Control + 
 5.0 4.7 19.8 c 17.4 b 
Orobanche 

Control - 33.8 a 123.0 a 
Orobanche 

N.S. N.S.
 

* Values with a common letter within columns are not significantly 

different according to Duncan's multiple range test at 5% level of
 
significance, N.S. = Not significant.
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Table 3. 	Effects of DCPA, diphenamid, and glyphosate on
 
Orobanche ramosa in tomato
 

Orobanche 	ramosa Tomato
 

Treatment Kg/ha Average no. 
 Dry Shoot dry Fruit
 
(a.i.) of haustoria weight weight yield
 

pot g/pot g/plant g/plant
 

DCPA 5 23.6 4.02 bc' 29.8 bf 144.6 
DCPA 10 11.8 2.94 bc 30.9 b 131.2 
Diphenamid 8 23.2 2.10 c 33.9 b 142.0 
DCPA + 5 + 6 16.4 3.74 bc 35.4 b 90.8 
diphenamid 

Glyphosate 0.05+0.05 14.6 5.40 ac 29.6 b 100.0 
Glyphosate 0.04+0.03+0.03 16.6 2.74 bc 32.5 b 96.8 

Glyphosate 0.1 25.0 5.76 ab 29.7 b 147.6 
Control + - 24.0 8.2 a 29.9 b 101.4 
Orobanche 

Control- 44.4 a 107.8 
Orobanche 

N.S. N.S. 

• 	Values with a common letter within columns are not significantly

different according to Duncan's multiple range test at 5% level of
 
significance, N.S. = Not significant.
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H. WALTER, Universitit Hohenheim, Institut fflr Pflanzen
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70 05 62, 7000 Stuttgart 70, F.R.G.
 

Abstract. For the management of broomrapes (Orobanche spp.)
 
a variety of measures can be employed; their use is briefly
 
discussed and evaluated under the aspect of suitability for
 
smallholder vegetalbe farmers in the Khartoum Province. No
 
completely satisfactory control method has been found so far.
 
but preliminary trials with the postemergence application of
 
glyphosate on eggplants, and the solar heating technique with
 
polyethylene mulch showed promising results; the latter seems
 
appropriate especially through its effectiveness and simple
 
handling; additionally positive side-effects occur against
 
annual weed species and Meloidogyne nematodes.
 

INTRODUCTION
 

Hemp or branched broorrape Orobanche ramosa L. was
 
found during a survey in vegetable fields of Khartoum Pro
vince, Sudan, winter to early summer 1982 but not in Rahad
 
or Gezira Schemes. It commonly parasitizes tomatoes, egg
plants and carrots on Nile-alluvial soil, often with de
vastating effects. Less frequently it attacks cabbages,
 
pctatoes and the weeds Chrozophora plicata (Vahl) A. Juss
 
ex Spreng (Euphorbiaceae), Solanum dubium Fresen. (Sola
naceae) (Braun, 1982; Jung, 1983). Other potential host
plants growing in Khartoum Province as vegetables are cu
cumbers, squash, lettuce, cauliflower, peppers, and as
 
weeds Malva parviflora L. (Malvaceae), Solanum nigrum L.
 
(Solanaceae) (Abu-Irmaileh, 1979). Other Orobancie spp.
 
occuring in Sudan without economic importance are: 0. cernua
 
var. desertorum (G. Beck) Stapf. in the Red Sea District and
 
0. minor Sm. in Erkowit, Khartoum Province and the Immatong
 
Mountains (Ismail, 1979; Musselman, 1984). Orobanche is not
 
controlled regularly yet. Frequently, handpulling is used
 
in severely infested fields. Other control measures are
 
under investigation; first results are reported here.
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CONTROL MEASURES - SITUATION IN SUDAN
 

Preventive and cultural control
 

From the variety of control measures falling into this
category essentially only handpulling is used to 
any extent
so far; but because of the incomplete destruction of all emerging Orobanche shoots, its effectiveness is questionable. Although nitrogen (Ca-cyanamide, ammoniumsulphate) reportedly
reduces the incidence and vigor of infestations in tomatoes and
broadbeans (Vicia faba L.) 
 significantly, the usually quite
high urea applications in vegetable crops in Khartoum Province
obviously did not reduce 0. ramosa parasitism sufficiently.
NPK-fertilizers and Ca-cyanamide are not yet available to farmers in the area. Prospects for trap-crops have not been evaluated so 
far but should be tried. On the other hand, the noncropping of such important susceptible crops like 
tomatoes or
eggplants during the winter season when the Orobanche parasitism
occurs, obviously would cause considerable economic disadvanta
ges to smallholder farmers.
 

Resistant cultivars
 

The breeding of crop cultivars resistant against Orobanche
parasitism so far succeeded only for a few crops. In Sudan,
vegetable crops no resistant cultivars are available yet. Potentially, this would be a quite appropriate way for smallholders to keep Orobanche under control. Some limitations, however, might arise in mixed cropping, which is practised to
some extent in the area, 
if a resistant and susceptible crop
are grown together.
 

Biological control
 

Biological control with insects and fungi has been mainly
tried in Eastern Europe. The successful use of predators in
Khartoum Province 
seems to be problematic due to 
the short
presence of living Orobanche shoots between mid-December and
end of February. ThE production and distribution of fungusmaterial, if effective, has to be centrally organized for
smallholder farmers 
to be economical and efficient.
 

Synthetic germination-stimulants
 

Experience with the strigol analogue GR 7 and the ethylene
generating -thephone in stimulating seed germination of Stra
hermonthica (Del.) 
Benth. is readily available in Sudan (Biffaer
and Hamdoun 1982, 
1983). Since these chemicals also seem 
to be
effective against Orobanche 
- if economically feasible 
- they
could prove to be an efficient control method. But so far no
large-scale field trials have been conducted.
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Herbicides
 

From the different means of herbicide application only
 
preliminary trials with sublethal doses of glyphosate in
 
eggplants have been conducted so far (Table 1). 40 g a.i./ha
 
sprayed 17 days after transplanting increased fruityield of
 
eggplants infested with 0. ramosa above the untreated controls
 
by 18 1, while 80 and 160 g a.i.Iha reduced the yields signi
ficantly. Since there is only a narrow span of beneficial
 
effects on the parasitized crop and its possible kill this
 
narrow span can only be achieved by applying the accurate
 
dosage as uniformly as possible. Because of the quite insuf
ficient application methods presently used by small farmers
 
(Walter et al.,1983), this control measure seems not very prac
ticable yet, if farmers have to do it themselves. Treatments
 
carried out by licensed applicators, however, could probably
 
solve this problem.
 

Table 1: 	Effects of Orobanche ramosa L. and aulication of
 
different doses of glyphosate on yield of eggplants
 

"black beauty"
cv. 


Yield Compare (1) Number Orob. (M) in

(kg/ha) to 1. to 2. plants/plot festation 

1. no Orob., 
no gly 5361.9 - +10.4 -

2. Orob., 
no gly 48S7.1 - 9.4 - 26 43 

3. Orob.,
+40 g 

gly/ha 5752.4 + 7.3 +18.4 24 42 

4. Orob., 

gly/ha 4466.7* -16.6 - 9.0 20 	 33
 

S. Orob.,
 
+ 160 g
 
gly/ha 4238.1* -20.9 -12.7 19 32
 

* significantly different from 3 at 5 S level
 

Soil sterilization
 

Common soil sterilization techniques are not applicable
 
from an economical point of view on a large-scale basis. Also
 
flooding of fields resulting in anaerobic conditions, toxic to
 
many organisms, is obviously not sufficient in reducing the
 
Orobanche problem in the area.
 

247 



A more practicable approach for arid and semi-arid regions

has been made through solar heat sterilization of pre-irri
gated fields covered with clear polyethylene mulch during

the summe-. (Katan et al., 1979; Jacobsohn et al., 1980). Pre
liminary trials in the Khartoum Province resulted in a com
plete control of a light to medium infestation with 0. ramosa,
 
a 80 t reduction in the number of annual weed species and
 
a significant decrease in the visible attack of Meloidogyne
 
sp. on roots of eggplants grown as bioindicators, already

after 30 days of covering. The cost for mulching material is
 
considerable especially in developing countries. The effi
ciency however, can be increased through repeated use on
 
several areas during the hot season and 
in subsequent years.

Additionally the positive side effects and the simple handling

make this method especially suited for intensive vegetable

production, as 
in the Khartoum Province, where nematodes also
 
play an important role (Yassin,1979).
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EFFECT OF PLANTING FLAX ON THE SUBSEQUENT INFESTATION OF 
TOMATO BY OROBANC RAM0ZA 

B. 	 E. ABU-IRMAILEH, Faculty of Agriculture, University of 
Jordan, Amman, Jordan. 

Abstract. Greenhouse pot experiments were conducted to study

the potential of flax (Linum usitatissimum L.)and other crops, 
as trap crops for the branched broomrape (Orobanche ramosa L.)

infesting tomato (Lycopersicon esculentum Mill.3; and , to 
study the effect of time of removal of flax on parasitism in

the subsequently planted tomato. 
The results indicated that 
flax has a great potential as a trap crop for 0. ramosa 
infesting tomato. Also, planting flax for a period of 4 to 6
weeks prior to planting tomato can effectively reduce infest
ation in tomato
 

INTRODUCTION 

Tomato is the leading vegetable crop grown in Jordan
 
(Steitieh et al., 1978). 
 Tomato suffers to various degrees

from 	broomrape (Orobanche ramosa L.) infestations in most
 
growing areas. 5. ramosa is the most widespread speci- of
 
the genus Orobanche-in Jordan (Abu-Irmaileh, 1979).It ttacks
 
most of the solanaceous crops, cucurbits, broadbeans (Vicia

faba L.), and other economically important crops, as we 
 s 
various weed species (Abu-Irmaileh, 1979). Heavy infestations
 
seriously limit tomato production, especially when the plants

are infested during their early stages of development (Abu-

Irmaileh, 1982 a). Effective control methods are quite

limited. Satisfactory control of 0. crenata Forsk. on broad
beans has been acheived by applyin gIyphosate(Schluter et
al., 1979 and Schmitt et al., 1979). However, this herbTeide 
Uld not show sufficien'-seTectivity on other crops(Jacobsohn
et al., 1980). The fumigant, methyl bromide effectively

controls this parasite, but is highly expensive (Gold et al.,

1978). Biological control has been obtained with the Mset

Phytomyza orobanchiae and some strains of the fungus Fusarium 
(Musselman738.-T-he introduction of such bioagents is 
hindered by the high cost of research. Cultural means of

broomrape control include the application of fertilizers
 
(Abu-Irmaileh, 1982 a 
and Kasasian, 1973), handweeding(Abu-

Irmaileh, 1982 b; Gharib, 1973 and Kasasian, 1973), crop

rotation (Abu-Irmaileh, 1982 b), and trap cropping (Musselman,

1980 and Pieterse, 1979). 
 Trap crops for this parasite
include pepper (Capsicum annuum L.), sesame(Sesamum indicum 
L.) (Musselman, 1980), and fl (Abu-Shakraet Al.9 T970T. It 
is known that root diffusates of the trap crops enhance 
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Orobanche seed germination (Abu-Shakra, et al., 1970 and 
Musselman, 1980), but the germinated parsiTe seed normally 
fails to attach to the roots of these crops. 

In this research, the trap crop flax was tested for its
 
ability to reduce 0. ramosa infestation on tomato.
 

MATERIALS AND MEHODS 

Pot experiments were conducted in the greenhouse with an 
average temperature of 28 C during the day and 12 C at night 
from September 1981 and 1982 until June of each of the 
following years. Clay pots, 30 cm in diameter, containing 
approximately 12 kg of potting soil mixture (50 % -lay, 33 % 
sand, 17 % silt, pH 8.0) previously fumigated with methyl 
bromide were used. Approximately 20,000 (100 mg) 0. ramosa 
seeds were mixed with 300 g sand, and then with the soil of 
each pot. Two experiments were begun in September 1981. The 
first experiment was conducted to compare flax with other 
crops as a trap crop. The experiment included eight treat
ments. The seeds of beans (Phaseolus vulgaris L.), eggplant 
(Solanum melongena L.), flax, pepper, tomato, sesame, and 
gricbulblets Allium sativum L.) were planted in the 
assigned pots. Each crop was planted in six pots. Upon 
germination, plants were thinned to 5 seedlings per pot 
except for flax pots which contained about 200 seedlings per 
pot. A set of six unplanted pots was included as a control. 
Treatment each consisted of 6 replicate pots were arranged in 
a randomized complete block design. The planted pots were 
irrigated at weekly intervals. The control pots were watered 
whenever the soil surface got dry. The plants were allowed 
to grow for two months. Then, the plants were removed from 
the pots and the potting soil in each pot was cleaned from 
the roots. Tomato seeds were planted in all pots including 
the controls after the removal of the previous crop plants. 
Tomato seedlings were thinned to one plant per pot 3 weeks 
after germination. 

The second experiment was conducted to study the effect
 
of the time of removal of flax plants on 0. ramosa infest
ation on tomato. The experiment included-six-treatments.
 
About 200 seeds of flax (1 g) were planted in each pot.After
 
about 50 % germination, flax seedlings were allowed to grow
 
for either 2, 3, 4, 5 weeks, or to flowering (8 weeks). A set
 
of six unplanted pots were included as a control. The treat
ments replicated 6 times were arranged in a randomized com
plete block design. Flax plants were removed after the
 
assigned growing period. The potting soil was cleaned from
 
the roots, then returned to the pots. Tomato seeds were
 
planted in all pots including the control treatment, after
 
the removal of flax plants from the last treatment,flowering,
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i.e, 8 weeks. Tomato seedlings were thinned to one plant perpot 3 weeks after germination. This experiment was repeatedduring September 1982 until June 1983. The latter experiment
included seven treatments; the removal of flax plants at 2, 3,
4, 5, 6, and 8 weeks (flowering) after germination, plus a
control. All treatments were replicated six times, 
and
arranged in a randomized complete block design. 
Data on
tomato yield, tomato root and shoot dry weights, and the dry

weight of the whole 0. ramosa plants in each pot were
recorded. 
The data were subjected to statistical analysis.
The plant parts were dried in the oven at 70 C for a minimum
of 48 hrs, or until their dry weights were stable.
 

RESULTS
 

The results of the various crops used in rotation with
 
tomato indicated that only flax and pepper caused significant

reduction in Orobanche parasitism on tomato as judged by the mean dry weig-5T7 e parasite plant (table I). Eggplant,
 

Table I
 

Effect of some crops grown before tomato on the cl-ry weights of
 
0. ramosa, tomato root and shoot tomatoand yield. 

Dry weights 
 W To
 
Treatment Tomato yield
 

0. ramosa a Tomato
root shoot (g)
 

Flax .3 a 
 16.1 41.7 
 133

Sesame 17.0 bc 
 9.2 29.2 70
Beans 
 8.4 abc 4.6 23.6 96
Garlic 14.6 abc 
 5.4 20.4 32
Eggplant 12.0 abc 
 8.4 29.4 32
Pepper 4.1 ab 
 10.5 30.9 
 117
Tomato 
 8.9 abc 12.9 26.8 
 73
Control 20.7 c 5.6 
 30.9 36
 

(N.S) (N.S) (N.S)
 

a Values within columns followed by a common letter notare 
significantly different at the 5 % level as determined by

Duncan's multiple range test. 

N.S= Values within column are not significantly different.
 

tomato, garlic, beans and sesame did not cause significant

reduction of the 0. ramosa dry weight, eventhough the values
of the parasite dry weight were lower in these treatments

than that of the control. Tomato yield and tomato root and
shcot dry weights were not significantly affected by the
 
various treatments.
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The results of the effect of the time of removal of flax 

plants on the 0. ramosa infestation on tomato indicated that 

flax can cause sigTifcant reduction of parasitism on tomato, 

if allowed to grow for 4 weeks in one experiment (table 2) or 

6 weeks in another experiment (table 5). The values of the 

Table 2
 

Effect of time of flax removal on 0. ramosa dry weight infest

ing subsequently planted tomato and on tomato root and shoot
 dr~y weights and tomato yild (,Sep. "19861 - June I782. 

Dry weights (g) Tomato yield

Treatment 


0. ramosaa Tomato (g)
 
root shoot
 

Flax removal after
 
6.6 35.8 88 b
2 weeks 15.1 b 


3 weeks 6.1 ab 4.9 31.4 138 b
 
6.3 30.2 157 b
4 weeks 3.9 a 


5 weeks 4.2 a 8.8 30.2 146 b
 
Flowering 4.6 a 6.0 29.8 90 b
 

Control 27.7 c 4.6 29.8 12 a
 
(N.S) (N.S)
 

Table 3
 

Effect of time of flax removal on 0. ramosa dry weight infest

ing subsequently planted tomato- and. on tomato root and shoot
 
dry weights and tomato yield (Sep. 1982 - June 1983).
 

Dry weights (g) Tomato yield
 

Treatment 0. ramosa a Tomato (g) 

root shoot
 

Flax removal after
 
3.6 33.4 24
2 weeks 31.3 b 


3 weeks 18.4 ab 3.8 35.8 25
 
4 weeks 18.7 ab 4.1 39.0 60
 

44
5 weeks 11.1 ab 4.7 34.4 

6 weeks 7.4 a 5.8 44.8 66
 
Flowering 4.8 a 5.7 45.0 34
 

2.8 27.6 38
Control 31.1 b 

(N.S) (N.S) (N.S)
 

a Values within columns followed by a common letter are not
 

significantly different at the 5 % level as determined by
 

Duncan's multiple range test.
 

N.S = Values within column are not significantly different.
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0. ramosa dry weights were more reduced as the growing period
of TIaxwas extended. 
Tomato root and shoot dry weights were
not statistically affected by the treatments. However, their
values were the lowest in the control treatments (tables 2 and
3). Tomato yield was significantly the lowest in the controltreatment in experiment I (table 2), but tomato yield was notaffected by any treatment in experiment 2 (table 3). This
experiment was, however, seriouly affected by the tomato
yellow leaf curl virus infection.
 

DISCUSSION
 

In a previous study, flax and pepper caused 70 and 50 %
control of 0. ramosa on tomato, respectively(Abu-Irmaileh,

1982 b). Iii thi-sresearch, the results indicated that flax
and pepper can bring about 95 
and 80 % control. This indicates
that the results obtained are consistent in terms of causing
significant reduction of 0. ramosa infestation on the subsequently planted tomatoeg. -fsfsame as a trap crop, did not
show significant potential for reducing 0. ramosa infestation, even though, it has been reported as a trap crop .
(Musselman, 1980). 
 Beans, eggplants and tomatoes as hosts
for the parasite, and the nonhost crop, garlic, did not cause
statistically significant reduction of parasitism on subsequently planted tomato. 
However, beans, tomato and garlic
have been reported to be promising (Abu-Irmaileh, 1982 b) .
 

The results of the effect of the time removal of flax on
reducing parasitism on subsequently planted tomato indicated
that growing flax for 4 to 6 weeks brought about significant
reductions of 0. ramosa dry weights. 
Flax root exudates are
known to induce suicidal germination of the parasite seeds(Abu-Shakra, et al., 1970); thus, reducing the inoculun level
in the soil. 
 Tn spite of reduced infestation by 0. ramosa
there were no significant yield differences in the second
experiment. 
This might has been due to the yellow leaf curl
virus infection of the tomato plants in most treatments. In
the first experiment, the yield of the untreated control
treatment was significantly lower than other treatments
 
(table 2). 

The results of such experiments indicate that flax might
be incorporated in agriculture as a trap crop for the broomrape 0. ramosa. 
The period of planting flax for effective
reducUio-n of parasitism on subsequent tomato planting is
short, i.e. 4 to 6 weeks. 
There would be no need for planting flax for longer periods, if flax is to be plowed under.
However, field experiments should be conducted to verify the

greenhouse results.
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INTEGRATED CULTURAL PRACTICES MND CHEMICAL CONTROL OF OROBANCHE CRENATA IN
 
FABA BEAN 

S.T. KUKULA, H. MASRI, ICARDA, P.O.Box 5466, Altp, Syria. 

Abstract, 
 The effects of tillage practices, fertilization and chemical
treatments were studied for control of Orobanche crenata Forsk. 
 In faba
bean (Vicia faba L.) 
in a field experiment conducted during 1982/83 season.
MinimZ-and'zero tillage increased crop yield significantly over conventional tillage without decreasing Orobanche infestation. Addition of
nitrogen fertilizer had a significant positive effect on yield and tended to
decrease Orobanche infestation.
 

Chemical control significantly reduced the number rf Orobanche shoots
as well as 
their dry weight, and increased yield of faba bean. 
The most
successful treatment was glyphosate applied at 0.08 kg ai/ha 3 times at 
15
days intervals beginning at the early flowering stage of faba bean. 
The
second most successful treatment was glyphosate 2 times at the same rate but
the second application with foliar fertilizer (Sandoflor). However, there
was no significant difference in yield between these two treatments when

combined with zero or minimum tillage.
 

INTRODUCTION
 

Orobanche species have beer identified as important roots parasites of
many legumes in the Mediterranean region and Middle East. 
Among all legume
crops, faba bean (Vicia faba L.) 
appears to be the most sensitive to
Orobanche crenata Forsk. 
The parasite spikes appear during the growing season especially during flowering, (Pieterse 1979; Saghir et al. 
1978). The
crop may be totally destroyed depending upon the level of-th-einfestation
of Orobanche seeds in the soil (Schmitt et al. 
1979). 
 There is no consistent practice that is helpful in reducingor eradicating this pest

(Saghir et al. 1878).
 

The most effective prevention of Orobanche parasitism would be by growing resistant cultivars. 
Existing cultivars show differential susceptibility to 
the various Orobanche species and selection of resistant lines
which could be used in breeding is in progress (Cubero 1973; ICARDA, 1981,

1982).
 

An attempt has been made towards biological control of 0. crenata by
Phytomyza orobanchiae. 
This fly attacks 0. crenata, producing-infestation
of up to 90% of the fruits. The percentage of.dmged seed capsuls canbe
high and very promising (Nemli et al. 
1983).
 

Cultural practices for controlling this parasite are limited and not
always effective. 
Some reports indicate that application of fertilizers
and deep plughing are helpful in reducing Orobanche infestation (Aleksiev,

1967; Kasasian 1973).
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Several investigations on chemical control of Orobanche have been
 
undertaken. Research in the past has revealed that although most of herbi
cides appeared to be useless, some had a good effect. The most promising
 
herbicides are glyphosate, propyzamide and trifluralin (Piglionica, 1975;
 
Schmitt et al., 1979; ICARDA 1981, 1982, Zahran 1982). In order to achieve
 
maximum control of 0. crenata in faba bean, an integrated system involving
 
both cultural and chemI-acontrol has been under study in field experiments
 
at ICARDA. This paper reportg the results of the first year of this study.
 

MATERIALS AND METHODS
 

The experiment was conducted in 1982/83 season at ICARDA experimental
 
sub-site at Kafr Antoon in northern Syria using a field with natural infest
ation of 0. crenata. The cultivar of faba bean was ILB-1814 (Syrian Local
 
Large) whTh Tishighly susceptible to Orobanche. The trial was laid out in
 
a split-split plot design with three tillage systems as main plots, two
 
fertilizer levels as sub-plots and ten chemical treatments in sub-sub plots.
 
There were four replications. Faba bean was planted on November 30 manually
 
in rows 50 cm apart. Six rows of 5 m lenght each constituted a plot.
 
Fertilizer was nlied at planting time all plots had 60 kg phosphorus per
 
ha (as P205 ), half the plots had additional nitrogen at 40 kg/ha (as NH4NO3)
 
Chemicals were applied in the same direction as faba bean rows using a press
ured knapsack sprayer and 400 1/ha spray solution. The timing of applica
tion was based on the phenological development of faba bean. The number of
 
Orobanche shoots was counted just before physiological maturity and
 
harvested for their dry weight.
 

RESULTS
 

Tillage system significantly affected the yield of faba bean. The
 
highest yield was obtained with minimum and zero tillage. Significantly
 
lower numbers of Orobanche shoots and total dry weight (TDW) of Orobanche
 
were observed on conventional tillage treatment (Table 1).
 

Table 1. Effect of tillage system on yield of faba bean and Orobanche
 

Tillage System 	 Yield Number of Orobanche Total Dry Weight
 
kg/ha per m1 of Orobanche g/m2
 

Conventional (deep) 1172.7 41.9 36.9 

Minimum (shallow) 1572.7 50.2 51.0 

Zero 1514.4 43.3 41.8 

LSD at 5% 375.0 6.2 12.3 
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Addition of nitrogen fertilizer had a sigiaificant effect on faba bean
yield. Number and total dry weight (TD) 
of Orobanche was lower in this
treatment, but the difference was not statistically significant (Table 2).
 
Table 2. Effect of fertilizers on yield of faba bean and Orobanche control.
 

Nitrogen 
 Yield 
 Number of Orobanche
Treatments kg/ha 	 Total Dry Weight

per =2 
 of Orobanche g/m2
 

nil 
 1322.9 

40 kg N/ha 	

48.4 45.6
1517.7 
 41.8

LSD 	 40.9
224.4 
 N.S. 
 U.S.
 

The best chemical treatment for controlling Orobanche was application
of glyphosate, at 0.08 kg ai/ha at 15 days interval, three times, starting
at the beginning of flowering in faba bean. 
The second best treatment was
the application of glyphosate twice at the same rate with a 15 day. interval. 
 This significant decrease of Orobanche shoots per unit area and their
dry weight resulted in the increase in the yield of faba beans under these
chemical treatments (Table 3).
 

Table 3. Effect of chemical application onyield of faba bean and Orobanche
control.
 

Chemical Treatments 


I Untreated 

2 Glyphosate at 0.08 kg ai/ha

3 Glyphosate at 0.08 kg ai/ha 

(2 applications)


4 	Glyphosate at 0.08 kg ai/ha 

(3 applications)


5 	Propyzamide 4.0 kg ai/ha 

post-emergence just before
 
flowering


6 Benomyl (seed dressing) 


3 g/1 kg seeds
7 Benomyl 0.5 kgai/ha at flowering

8 Benomyl 0.75kgai/ha at flowering

9 Diphenamid 2 kg ai/ha


10 Propyzamide 4.0 kg ai/ha 

when faba bean was 15 cm tall
 
+ 	glyphosate 0.08 kg ai/ha
 
at flowering


LSD at 5Z 


Yield 


kg/ha 


1256.3 

1358.4 

2085.1 


2140.8 


1354.5 


1193.1 


1302.6 

1239.0 

891.6 

1381.6 


169.7 
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No.of Orobanche 

2
per m


80.4 

57.5 

11.2 


4.7 


33.2 


74.3 


82.6 

71.1 

6.3 


29.2 


9.7 


Total Dry Weight
 
of Orobanche g/m2
 

58.7
 
46.7
 
8.3
 

4.2
 

32.3
 

74.2
 

80.0
 
65.7
 
7.1
 

27.8
 

10.7
 



Diphenamid at the rate of 2 kg ai/ha significantly improved Orobanche
 
control, but at the same time significantly decreased yield, due to a heavy
 
phytotoxic effect on faba bean crop.
 

Yield was influenced by interaction between tillage systems and
 
chemical application (Table 4).
 

Table 4. Effect of tillage systems and chemicals on yield of faba bean and
 
Orobanche control.
 

Tillage System 


Conventional 


(deep) 


Minimum Tillage 

(Shallow) 


Zero Tillage 


LSD at 5% 


Chemical 

Treatments 


1 


2 

3 

4 

5 

6 

7 

8 

9 

10 


1 

2
3 


4 

5 

6 

7 

8 

9 

10 


1 

2 

3 

4 

5 

6 

7 

8 

9 


10 


Tillage x Chemicals
 

Yield 

kg/ha 


968.9 


1075.9 

1589.0 

1846.7 

920.9 

1046.1 

1041.9 

1165.2 

1022.9 

1050.0 


1433.2 

1491.4

2363.6 


2306.0 

1430.9 

1162.7 

1394.5 

1422.5 

1176.1 

1546.5 


1366.9 

1589.0 

2221.7 

2269.6 

1711.7 

1370.4 

1471.4 

1129.2 

475.9 

1548.2 


293.9 


259
 

No. Orobanche Total Dry
 
per m2 Weight g/m2
 

72.0 66.8
 
65.2 47.3
 
9.3 6.0
 
2.9 2.1
 

39.9 34.2
 
67.4 64.6
 
64.7 59.4
 
64.5 56.1
 
3.2 4.6
 

29.3 27.8
 

89.6 109.7
 
56.6 48.6

12.5 9.6
 

6.6 6.8
 
32.9 35.3
 
83.8 85.1
 
93.7 91.2
 
79.9 eO.7
 
8.9 80.7
 

38.0 33.0
 

79.0 80.7
 
51.0 44.3
 
12.2 9.5
 
4.6 3.6
 

26.7 27.4
 
71.5 73.0
 
89.4 89.6
 
69.3 60.2
 
7.0 6.7
 

22.1 22.5
 

17.1 18.6
 



The treatment with three glyphosate applications, significantly outyielded
that with two applications of glyphosate on conventional tillage, while
there was no significant difference in yield between these two chemical
treatments on minimum and zero tillage. 
Orobanche control did not differ
significantly between three and two applications of glyphosate on all
 
investigated tillage systems.
 

Plots treated with propyzxmide, at the rate 4.0 kg ai/a when faba
bean plants were 15 cm tall plus one application of glyphosate at flowering
produced yield significantly higher with zero and minimum tillage compared
to that with conventional tillage. Performance of these herbicides for
Orobanche control (number and total dry weight) was more effective under
 
zero tillage than under conventional and minimum tillage.
 

DISCUSSION AND CONCLUSIONS
 

The results of this investigation are at variance with those of other
workers. 
A positive effect of deep tillage on Orobanche control was
reported by Aleksiev (1967) and Saghir et al. (1978) 
while in our studies
 we found that mininum shallow tillage or-ze-ro tillage significantly

increased the yield of faba beano 
Further, OroLanche infestation was not
significantly different between deep and zero tlled treatments.
 

Nitrogen was found to inhibit the parasite, which has also been
indicated in previous studies (Kasasian, 1973, Saghir et al., 1978,
Abu-Irmaileh, 1979), however the biochemical mechanisme'-of-such effects is
still unknown. The most effective measures of 0. crenata control in this
study appeared to be herbicide treatment especialy glyphosate. Because it
is translocated, the herbicide inhibits haustorial development at the
beginning of its attachment to the roots of faba bean. 
The results confirm
these in previous reports (Schmitt et al., 1979, ICARDA, 1979, 1981, 
1982,

Zahran, 1982).
 

Although the low dosage of the chemical required for effective control
 assumes low costs, the introduction of this control procedure on a large
scale is difficult. Three applications of glyphosate at the beginning of
faba bean flowering cause some operational problems and may thus discourage
the farmers from adopting it. The effectiveness and the lower cost of two
glyphosate applications integrated into miniuzm or zero tillage system
found in our study indicate good prospects of this method for large-scale
application. 
There is however, a need for further evaluation of this
integrated control to verify the results. 
 It is also worthwhile to
evaluate the possibility of reducing the number of application further to
one, by perhaps slightly increasing the dose of the product. 
These aspects

will be evaluated during the 1983/84 season.
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Third International Symposium on Parasitic Weeds, Aleppo, 1984. 
THE SPECE-S OF STRIGA IN EAST AFRICA 
F.N. HEPPER, The Herbarium, Royal Botanic Gardena, Kew, Richmond, Surrey, EaSland. 

Absrfct. A dichotomous key to the 14 species of Str,& InEast Africa (Kenya, Uganda. Tanzaa)Ispresented,
together with references to taxonomic literature, synonyms and notes on hosts and geographical distribution. 
INTRODUCTION 

The following simplified key and summary notes have been prepared for the use of field workers. as wellfor taxonomists with toaccess asa botanical library and herbarium. A smilar accountwill be published in due course in the volume of the Flora of Tropical East Africa devoted to the Scrophlai 
with longer decriptionsaceae at present in preparation at Kew. (The abbreviated distribution details used hereregional divisions adopted by the Flora). In the meantime the present paper should enal 
e U4, K3, refer to thetheir material 	and to realise that there ar workers to identifare presumed 	 large gaps in our knowledgof thee plants. Although all the speciesto be obligate parasites, our ignorance of their hotfield observations and experimental work on those species is urgen 

ttl is evident for many of them. Carefulrequired. Further notes on habitat prefer.lences and the range of habit and flower colour variation are also needed. 
Attention may also be drawn to two other complementary accounts coveringoccur in E3t Africa. These are a forthcoming paper on 	 many of the same speces thatthe SudaneseF.N. Hepper in Kew Bulletin (1985), and the account of Strit 

ses of S p, by U. Musselman &
 
Scrophulariacene mainly by D. Philcox). 

by F.N. Hepper in Flora Zambesaca (Vol 8 lb
 

DICHOTOMOUS KEY TO THE EAST AFRICAN SPECIES OF STRIGA 
1. Calyx 10- or more ribbed with at least 1 rib between each calyx tooth:2. Plant without hairs; leaves reduced to scales 

3. baumunij2. Plant hairy:3. Calyx I0-ribbed (i.e. with I extra rib to sinus between each tooth):4. Leaves 3-9 mm wide, coarsely toothed; flowers salmon-pink4. Leaves 1-2(-3) 	 7.forbesmm wide, more or less untoothed; flowera brilliant scarlet:5. Calyx-lobes triangular, acute but not subulate; plants usually well branched, slightly hairyS. Calyx-lobes narrow and acute; plants usually unbranched and harhly hairy: 
8. Au n 

6. Flowers in opposite pairs, many out at the same time, corolla large6. Flowers alternate, usually 2 or 3 out at the same time, corola smal 	
. e4WM 

3. 	Calyx 15- 1. 9btimor more ribbed (i.e. with 2 extra ribs between each calyx tooth):7. Flowers salmon.pink; leaves 3-8 mm wide7. Flowers white:
8. Corolla-tube r. 20 mm long, 15-20 mm across 	

11. Iaerica 
8. Corolla.tube 12-15 mm long, limb 10-12 14. pubframm across1. Calyx 4-5 ribbed, each rib ending in a calyx tooth:	 

6. euphusoldes9. Plants grey-hairy, the hairs appress,d to the stems and directed downwards 12. Iwtbi9. Plants with erect or ascending hairs or glabrous:10. Stems glabrous or slightly pubescent, quite succulent
10. Stems conspicuously or harshly pubescent:	 9. geaiokges11. Corolla tube conspicuously hairy

11. 
12,

Corolla tube almost hairless or with short hairs: 
4. bllbkua 

Bracts linear to subulate:13. Bracts mostly shorter than the calyx13. Bracts leafy, much longer than the calyx 	 2. aipa
12. Bracts lanceolate 	 13. paswge

10. hesonthca 

X,%MES AND REFERENCES TO THE SFECIES INEAST AFRICA 
1. Sti.-a asiatica (L.) Kuntze, Rev. Gen. Pl. 2: 466 (1891); Hepper in Fl. W.Trop. Aft. ed. 2, 2: 372 (1963);It pier in Rlodora 76: 4S (1974); Agnew, Upland Kenya wild fl.: 565, fig. 568 (1974); Blundell, Wild fl. Kenya:1032(1982). 
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Synonyms: 
S. Autea Lour., FL Cochinch.: 22 (1790); Skan in Fl. Trop. Ar. 4(2): 409 (1906); Suldanha in Bull. Bot. Sum. 
India 5(l): 67-70 (1963); C.E. Smith in Rhodora 68(774): 167 (1966); Craner in Rev. Hazdb. Fl. Ceylon 3: 
400(1981). 
S.hfrsuta Benth. in DC. Prodr. 10: 502 (1846). 

A very variable slender herb, 5-30 cm high, simple or branched, often scabrid.hairy; flowers scarlet with 
yellow underside, occasionally yellow (especially in India). 

Hosts: Cultivated maize and wild grasses; the comnmonest species of StIri.
 
Distribution. In East Africa in Uganda (U1-4), Kenya (K2-7) and Tanzania (TI-4, 6-8), throughout Africa
 
and Asia, introduced into USA.
 

2. Strip aspen (Wild.) Benth. in Hooktr's Comp. Bot. Mag. 1: 362 (1836); Skin in Fl. Trop. Air. 4, 2: 403 
(1906); Hepper in Fl. W.Trop. Air. 2: 372 (1963). 

Synonym:
 

Euphmas pera Willd., Sp. P1.3:197 (1801).
 

Slender erect annual slightly hispid, 15-45 cm high, drying black; flowers pink or purple, sometimes white. 

Hosts: Probably grasses.
 
Distribution: In East Africa known only from a few localities in Tanzania (T7, 8), elsewhere extending from
 
Sudan to Senegal, becoming common in the west.
 

3. Striga baumanli EngL Bot. Jahrb. 23: S15, t.12, figs. O-T (1897); Skin in Fl. Trop. Mr. 4, 2: 414 (1906); 
Agnew, Upland Kenya wild. fl.: 565, fig. p.568 (1974); Hepper in Fl. W. Trop. Air. ed. 2, 2: 371 (1963); Agew, 
Upland Kenya wild fl.: 565 (1974). 

Glaucous leafless herb 60-80 cm. high; flowers dull yellow or maroon, in long slender spikes. 

Hosts:Grasses in upland grassland.
 
Distribution: In E. Africa only known from Kenya (K3). Also occurs in Zare,.Cameroun and westwards to
 
Sierra Leone and Mali.
 

4. Striga bilabiata (EngL) Kuntze, Rev. Gen. P1. 3, 2: 240 (1898); Hepper in Kew Bull. 16: 411 (1960). 

Synonyms:
 
Buchnera bilabiataThunb., Prodr. Fl. Cap.: 100(1800).
 
Striga thunbergiiBenth. in Hooker's Comp. Pot. Mag. 1: 363 (1836); Skan in Fl. Trop. Ar. 4,2: 404 (1906).
 

S. bilabiata var. barteri (Engl.) Hepperl.c.: 414 (1960) &Fl. W. Trop. Ar. 2: 372 (1963). 

Synonym: 
S. barteriEngl. Bot. Jahrb. 23: 514, t.12 fig. E (1897); Skin in Fl. Trop. Mr. 4, 2:406 (1906). 

Perennial Icafy herb 5-20 cm high, drying brown or greenish; flowers pinkish or violet. 

Hosts: Grasses in swampy savanna that dries up and may be burnt.
 
Disvibution: Near the East African Lakes in Uganda (U3) and Tanzania (TI) extending across West Africa to
 
Senegal.
 

5. Strip elegans Benth. in Hooker's Comp. Bot. Mag. 1: 363 (1836); Skin in Fl. Trop. Air. 4, 2: 408 (1906). 

Erect perennial herb with slender usually unbranched pale green stems 15-35 cm high; flowers brilliant 
scarlet with yellow centre. 

Hosts. Grasses in upland grassland.
 
Distribution:Only in East Africa; Kenya (K3, 6) and Tanzania (TI, 2, 4, 7).
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6. SWp euphnioles Benth. in Hooker's Comp. Bot. Meg. 1: 364 (1836); Skan in Fl. Trop. Afr. 4, 2:412
(1906). 

Erect annual 15-55 cm high, slender leafy stems uaually slightly branched; flowers whitish in a long inflores
cence. 

Hosts: Probably passes in sandy Dwhckysis woodland.
Diatnbulon: InEast Africa only in southern Tanzania (T);also in Malawi. 

7. Strip forbesi Benth. in Hooker's Comp. Bot. Mag. 1: 364 (1836); Skan in FL Trop. Air. 4, 2: 410 (1906);Hepper In Fl. W.Trop. Afr. ed. 2, 2: 371 (1963); Agnew, Upland Kenya wild fl.: 565, fig. p.568 (1974). 
Erect, simple or little-branched rather scabrid herb, 10-60 cm high; flowers usually salmon-pink, occasionally

scarlet or yellow. 

Hosts Setaasphacelabz.Distribution: In E. Africv in Uganda (UI -4), Kenya (3-7), Tanzania (TI, 3, 4,6,7), also widespread In tropical
Africa and Madagascar. 

8. Strip fulem(EnL) Hepper in Kew Bull 38: 598 (1984). 
Synonym: 
Buchnerafulgens Engl. Bot. Jahrb. 28:478 (1900); Skan in FL Trop. Afr. 4, 2: 392 (1906). 

Erect perennial herb up to 50 cm high, with numerous slender branches; flowers bright scarlet or orang--red.
 

Hosts:Probably grasses in upland grassland.

Distribution:Only known from Tanzania (T7). A little known species collected only once at Uhehe, Tengulinyi,Iringa District by Goetze (No. 697) in 1899. 

9. Strip gesnerioides (Wlld.) Vatke in Oesterr. Dot. Zeitschr. 25: 11 (1875); Hepper in Fl. W.Trop. Ar. ed. 2,2: 373 (1963); Agnew, Upland Kenya wild fl.: 560, fig. p.568 (1974). 

Synonym:
S. orobancholdesBenth. in Hooker's Comp. Bot. Mag. 1: 361 (1836); Skan in Fl. Trop. Afr. 4(2): 402 (1906). 

An erect perennial herb with usually rather stout tufted succulent stems a few cm high, or up to 30 cm, purplewhen fresh drying black, almost glabrous to rather pubescent; flowers purple to whitish. 
Hosts:Reported as parasitic on tree roots, Eqphorbid,and grasses including Sorghum, and cultivated B=suca.Distribution:In East Africa In Uganda (IJ-4), Kenya (KI-4,6,7), Tanzania (TI-4, 6-8), throughout tropical

and South Africa, Arabia and India.
 

10. Strip hermonthica (DeL) Benth. in Hooker's Comp. Bot. ag. 1: 365 (1836); Skan n Fl. Trop. Afr. 4,2:407 (1906); Hrpper in Fl. W.Trop. Afr. 2: 372 (1963); Agnew, Upland Kenya wild fl.: 565 (1974). 

Synonyms:
BUchnera hermonthicaDel., Fl. Egypte: 245, t.34, fig. 3 (1813).
Strigasenegalensis Benth. in DC. Prodr. 10: 502 (1846). 

Erect leafy annual herb 25-40 cm high; flowers large and decorative pink in an elongated inflorescence. 
Hosts: Cultivated Sorghum, Pennisetum,also wild Brachlaria, Dayloctenlum and other grasses.Distribution:In East Africa in Uganda (Ul-3), Kenya (KS), Tanzania (TI), and throughout the drier parts of
tropical Africa and Madagascar. 

11. Strga latericea Vatke in Linnaea 43: 311 (1882); Skas in Fl. Trop. Ar. 4, 2: 411 (1906); Agnew, Upland
Kenya wild fl.: 565 (1974). 
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Erect annual simple stem or with a few branches, 15-50 cm high, scabrid-pubescent; flowers large, salmon 
pink. 

Hoyts: Grasses in thorn bush grassland.
 
Distribution: Only in Kenya (1, 4, 7), Tanzania (TI, 3, 6, 8).
 

12. Striga linearifolia (Schum. & Thonn.) Hepper in Kew Bull. 14: 416 (1960) & in Fl. W. Trop. Afr. ed. 2,2: 
372 (1963); Agnew, Upland Kenya wild fl.: 565 (1974). 

Synonyms: 
Buchnera linearifolia Schum. & Thonn., Beskr. P1. Guin.: 279 (1827); Hepper, W. Afr. Herb. Isert & Thonning:
 
119 (1976).
 
Striga canescens Engl., Pflanzenw. Ost-Afr. C: 361 (1895); Skan in Fl. Trop. Afr. 4, 2: 406 (1906); Hutchinson &
 
Dalziel, Fl. W.Trop. Afr. ed. 1,2: 227 (1931).
 
S. strictissima Skan in Fl. Trop. Afr. 4, 2: 407 (1906). 

Erect annual herb, ± leafless stems simple or little-branched from near the base, ribbed and zquare, 30-60 cm 
high; flowers pale lilac or white in rather long dense spikes. 

Hosts: Grasses in savanna grassland.
 
Distribution:In Uganda (U1-4), Kenya (K3, 4) and Tanzania (TI, 2,4, 5, 7), throughout tropical Africa.
 

13. Striga passargei Engl. Bot. Jahrb. 23: 515, t.12, figs. M, N (1897); Skan in Fl. Trop. Afr. 4, 2: 403, note 
under S. aspera, (1906); Hepper in Fl. W.Trop. Afr. ed. 2, 2: 372 (1963). 

Erect leafy slightly scabrid annual 10-45 cm high, stems simple or little branched, drying black; flowers 
creamy white to pale yellow with pink centre or pale purple. 

Hosts: Probably grasses.
 
Distribution:In E. Africa only reported from Tanzania (TI, 4, 8); also in Sudan and westwards to Senegal.
 

14. Striga pubiflora Klotzsch in Peters, Reise Mossamb. Bot.: 227 (1861); Skan in Fl. Trop. Afr. 4, 2: 412 
(1906). 

Perennial with a tuft of erect stems, simple or branched above, 35-60 cm high; flowers large, white. 

Hosts: Probably grasses in seasonally flooded savanna.
 
Distribution:In East Africa in Kenya (K7) and Tanzania (T3, 6, 8); also Malawi and Mozambique.
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